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This excellent new text for beginning students is rapidly being introduced 
in colleges and universities throughout the United States. Among the first 
to adopt Smail's CALCULUS are the following, to name only a few: 


Dartmouth College 
Drake University 
Lehigh University 
Rice Institute 
Texas Christian University 
State College of Washington 
University of Omaha 
University of Wisconsin 
Vassar College 


Consider it for your classes. $4.50 
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Recent additions to the H.M.Co. list 


COOLEY GANS KLINE WAHLERT 


INTRODUCTION 
ITO MATHEMATICS 


SECOND EDITION 


The newly published Second Edition of this widely adopted text preserves and even 
strengthens the cultural spirit of the original edition—and at the same time provides 
more drill material and exercises for the instructor who wishes also to stress simple 
manipulations and problem solving. 


KELLER ZANT 


BASIC MATHEMATICS 


A WORKBOOK 


This workbook, adopted last year by 100 colleges and universities, provides in- 
struction and practice on those topics of elementary mathematics which tests have 
shown give the most trouble to beginning students. 


UNDERWOOD SPARKS 


ANALYTIC GEOMETRY 


In Analytic Geometry the authors have produced a brief text possessing clarity, serv- 
iceability, and efficiency. The book includes only the most immediately useful topics. 
New concepts are introduced as they are needed in the normal development of the 
subject, with new proofs for traditionally difficult subjects. A large number of care- 
fully selected and graded problems are included. 


HOUGHTON MIFFLIN COMPANY 
BOSTON - NEW YORK - CHICAGO - DALLAS - SAN FRANCISCO 
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Jwo New Mathematica Jats... 
ANALYTIC GEOMETRY 


| By ALFRED L. NELSON, KARL W. FOLLEY, and WILLIAM M. BORGMAN 
af Wayne University 


aa for use in a freshman course in analytic geometry, this text is planned 
as preparation for the calculus rather than a study of geometry. In order that it 
may be of maximum value to the future student of the calculus, the basic sciences, 
and engineering, considerable attention is given to two important problems of 
analytic geometry. They are (a) given the equation of a locus, to draw the curve, 
or describe it geometrically; (b) given the geometric description of a locus, to find 
its equation. 

There are brief tables of trigonometric, exponential and logarithmic functions 
that will enable the student to obtain decimal approximations to answers of prob- 
lems that may be found throughout the book. 

215 pages, $3.00 


INTRODUCTION to ANALYTIC 
GEOMETRY ano tue CALCULUS 


By H. M. DADOURIAN, Trinity College (Connecticut) 


ewe TEXT was designed for use in a combined course of Analytic Geometry 
and the Calculus such as is offered for liberal arts students not majoring in 
mathematics. While the amount of subject matter has been kept within the compass 
of such a course, there is no sacrifice of quality of material or presentation. 

This book presents the fundamental concepts of the Calculus in such manner 
as to give the student as good an idea as is possible in an elementary course of the 
methods and uses of this branch of mathematics. Little if any knowledge of trig- 
onometry is required. 

246 pages, $3.25 


—Recontly Published ) 
INTERMEDIATE ALGEBRA ror COLLEGES 


By EARLE B. MILLER, Illinois College 


A=. carefully organized exposition written primarily for students who 
have had only one year of algebra in high school, Since its publication a short 
time ago, we have received enthusiastic comments from colleges and universities 
throughout the country. 

“Professor Miller is on the right track. There is a great need for an intermediate 
course in algebra.”—Professor Daniel W. Snader, University of Ilinois. 


361 pages, $2.50 


THE RONALD PRESS COMPANY 


1S East 26th Street, New York 10, N. Y. 
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New WILEY Books 


each with an unusual theme 


HIGHER ALGEBRA FOR THE UNDERGRADUATE 


By Marie J. Weiss. An introduction to some simpler algebraic concepts. 
Groups, rings, fields, ideals, and matrices given equal coverage with the 
theory of equations. Minimum number of ideas introduced at one time 
to avoid confusion; examples and exercises throughout. 1949. 165 pages. 
Illus. $3.75 


THE MATHEMATICS OF CIRCUIT ANALYSIS 


By Ernst A. Guillemin. One of the Principles of Electrical Engineering 
Series. A variety of methods and principles for a thorough understanding 
of electrical network theory. Designed to fit a higher mathematics course 
for those lacking strong mathematical background. Covers topics in ad- 
vanced algebra, vector analysis, Fourier series and integrals. A Technology 
Press Book. 1949. 590 pages. Illus. $7.50 


THE EXTRAPOLATION, INTERPOLATION, AND SMOOTHING 
OF STATIONARY TIME SERIES WITH ENGINEERING 
APPLICATIONS 


By Norbert Wiener. The first stage of the statistical viewpoint in com- 
munication engineering presented by fusing the techniques of the statisti- 
cian and the communication engineer into a common one more effective 
than either alone. Specific problems of the design of linear predictors and 
linear wave filters. A Technology Press Book. 1949. 163 pages. $4.00 


ANALYTIC GEOMETRY AND CALCULUS: 
A Unified Treatment 
By Frederic H. Miller. A correlation of the two subjects into a single 
branch of mathematical analysis. Summary after each chapter listing 
principal concepts, definitions, theorems, and methods in that chapter. 
3,025 problems, many illustrative examples. 1949. 658 pages. Illus. $5.00 


DIFFERENTIAL EQUATIONS 
By Harry W. Reddick. Methods of solving ordinary differential equations 
and problems in applied mathematics involving ordinary differential 
equations. All theoretical principles introduced are later applied to actual 
problems. 2nd Ed., 1949. 288 pages. Illus. $3.00 


Copies obtainable on approval. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, H.Y. 
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A NEW TEXT! 


MODERN COLLEGE GEOMETRY 


BY DAVID R. DAVIS, PH.D., 


Professor of Mathematics, 
State Teachers College, Montclair, New Jersey. 


e@ Anew text in advanced college geometry for courses in liberal 
arts colleges and teachers colleges. 

@ Develops within the student a sound knowledge of geometry 
and geometrical analysis to assure confidence in his ability to 
teach geometry intelligently in the secondary schools. 

@ Modern concepts based upon recent developments arising 
from current interest in pure geometry are discussed in detail. 

e Historical notes have been freely introduced to make the text 
interesting and inspiring to the student. 

@ The outgrowth of many years of teaching experience, this text 
has been thoroughly tested in the classroom. 

* 

: se selection of graded problems follows each Published September 1949 
© Generous use of line drawings to illustrate fundamental 248 pages — Illustrated 


concepts. $4.50 


vv ADDISON - WESLEY PRESS, INC., Cambridge, 42, Mass. 


Important 


ROSENBACH-WHITMAN: College Algebra, 3d Ed. 

The new Third Edition of this widely used algebra continues to provide a thorough, 
clear, teachable course. Many new problems, illustrative examples, notes, and ‘“Warn- 
ings” are featured, 

URNER-ORANGE. Elements of Mathematical Analysis 

A unified study of mathematics which .increases the immediate serviceability of 
mathematics for tie student. Features an early introduction of the calculus, main- 
tenance of manipulative skills, a comprehensive review of material on algebra and 
trigonometry, a wide range of problems. Ready soon. 


Ginn anal Company Boston 17 New York 11 


Chicago 16 Atlanta 3 Dallas 1 Columbus 16 San Francisco 3 Toronto 5 
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Just Published! R 
ANALYTIC GEOMETRY 


By Lyman M. Kells and Herman C. Stotz, 
United States Naval Academy 
‘ This new text has been created to provide a workable background for thorough 


understanding of the general definitions and principles of analytic geometry. Reason- 
ing rather than mere memorization is highlighted throughout. The student thus 
becomes able to recognize a proof as a familiar working principle, rather than 
just another sound that must be re-learned each time it appears. Ample oppor- 
tunity is provided for a deep understanding of fundamentals through their appli- 
cation in the solving of ordinary problems. (Over 1350 carefully graded problems 
are included) 

288 pages 


By G. E. F. Sherwood and Angus E. Taylor, 
University of California (Los Angeles) 


i CALCULUS, Revised Edition 
Remarkably clear and precise definitions of variables, functions and limits, plus 
complete development of theory and an excellent discussion of infinite series, are 
among the many factors in the popularity of this textbook. Rigorous and thorough, 
the text systematically sets forth the fundamental principles, methods, and uses of 
calculus. It shows the many applications of calculus in science and engineering, 
demonstrates the logical structure of the subject, and trains in techniques of formu- 
lating and solving problems. 


Published 1946 568 pages a? 


ferentiation and integration may be used to solve many problems in the natural 
sciences. With 172 problems, all answers included. 


Published 1943 66 pages 6"x9" 


ELEMENTARY DIFFERENTIAL EQUATIONS by Sherwood and Taylor is particularly useful 
pl to supplement the standard calculus course. This brief treatment shows how dif- 


By Walter L. Porter, A & M College of Texas 


This compact new text provides the mathematical knowledge the student must have 
to handle his business affairs intelligently. Designed as a basic text for one-semester 
investment courses, it stresses teachability and avoids formulas that may seem 
needlessly complicated and confusing to students. Instead, the author concentrates 
on teaching them to think through each topic and master it by means of correct 


MATHEMATICS OF INVESTMENT 


Published 1949 153 pages 6" x9" 


Send for your copies today! 
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| Recent and forthcoming math texts 


FIRST-YEAR MATHEMATICS FOR 
COLLEGES By Paul R. Rider 


In this new Rider book, the methods of presentation are those used in the same 
author's College Algebra, Plane and Spherical Trigonometry, and Analytic Geom- 
etry, with the three subjects presented as separate divisions. Arranged logically, 
with topics grouped around the function concept, the book is nevertheless adapta- 
ble to courses using a different sequence. Published in September. $5.00 


A SHORT COURSE IN DIFFERENTIAL 
EQUATIONS By Earl D. Rainville 


Designed for students who have completed the standard calculus course, this new 
book emphasizes the careful development and execution of methods for solving 
differential equations. More than nine hundred carefully constructed exercises 
are included. Published in June. $3.00 


PLANE AND SPHERICAL 
TRIGONOMETRY By Moses Richardson 


This text presents a full treatment of the subject, adaptable to long or short 
courses with various emphases, Stress is placed on logical thinking and its useful- 
ness in trigonometry throughout. Clear reviews of background material essential 
to the course are provided. To be published in February. 


THE MACMILLAN COMPANY 
60 Fifth Avenue, New York 11, N.Y. 
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SOLID ANALYTIC GEOMETRY 
By Aprian ALBERT, The University of Chicago. 164 pages, $3.00 


Contains an exposition of the analytic geometry of ordinary three-dimensional 
space, covering the standard topics of space analytic geometry but providing 
a treatment of the subject which permits immediate generalization to n dimen- 
sions. The treatment ties the subject to modern mathematics and, in particular, to 
modern algebra. The use of the theory of vector spaces and matrices permits a 
major simplification in the proofs and in the exposition in general. 


FOURIER METHODS 
By PHILIP FRANKLIN, Massachusetts Institute of Technology. 289 pages, $4.00 


A relatively brief text, covering a variety of mathematical techniques for engineer- 
ing students at the senior and first-year graduate level. It will be especially useful 
to electrical engineering students. Presents an introduction to complex exponentials, 
Fourier series, and Laplace transforms. The treatment is self-contained and by con- 
centrating on essentials, the author carries each of these subjects to the inclusion of 
a number of useful applications. 


VECTOR AND TENSOR ANALYSIS 


By Harry Lass, University of California, Santa Barbara College. In press— 
ready for second-semester classes 


The purpose of this book is to acquaint the student with the methods and tools of 
vector and tensor analysis as applied to geometry, mechanics, electricity, hydro- 
dynamics, and the theory of relativity, and to prepare him for more advanced work 
in theoretical physics. The book includes chapters on the algebra of vectors, the dif- 
ferential and integral calculus of vectors, with special chapters on different geom- 
etry, mechanics, electricity, hydrodynamics, tensor analysis and applications. 


ANALYTIC GEOMETRY 
By Rosin Rosinson, Dartmouth College. 152 pages, $2.25 


A brief text for the conventional course in analytic geometry. The author covers 
the more usual materials in plane analytic geometry, built around the study of the 
conic sections as a core; the quadric surfaces play a similar role in the treatment 
of space analytic geometry. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42no STREET, NEW YORK 18, N. Y. 
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THE SPAGHETTI PROBLEM 
G. F. CARRIER, Brown University 


1. Introduction. There are two problems concerned with the lateral vibra- 
tions of strings which should be of considerable popular and academic interest. 
They are: (1) the problem of describing the motion of a cord of finite length as it 
is accelerated vertically through an orifice (this is related in an obvious way to 
the title), and (2) the guitar string oscillation problem wherein one slides a rigid 
support along an oscillating elastic string. Experimentally, the results to be ex- 
pected are well-known. In the first case the amplitude of the oscillation usually 
increases sufficiently so that the cord frequently “slaps” the plate containing the 
orifice. In the second, the intensity of the generated acoustic waves seems not to 
increase but the pitch certainly rises. 

Here, we shall discuss the eigenvalue problems associated with these phe- 
nomena and shall attempt to predict the proper behaviors. In order that the 
problem be tractable and the methods elementary, we shall, of course, use a 
linearized (small oscillation) theory. 


2. The Spaghetti Problem. Let us consider a cord of density p and cross 
sectional area A, which is being drawn vertically upward through an orifice 
with constant acceleration. In fact, let the motion of the cord be such that the 
distance of the lower end from the orifice is (1-+-ct’)?, so that 2c? is the accelera- 
tion of the string and #’ is the time. If we now fix the origin of the distance co- 
ordinate x (note the figure) at the lower end of the string, its effective unit 
weight in the accelerating system is p(g+2c?) =w, where g is the acceleration of 
gravity. 
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The well-known equation governing the small dynamic lateral displacement 
u of a hanging inextensible cord is 


(1) (wxts)s = 
If we define ¢=t'»/g+2c?, then (1) becomes 
(2) 2 = Ut. 


The boundary conditions of our problem require that u(0, #) be finite and* 
that u([1+5¢]*, )=0. It is desirable evidently to use a variable substitution 
[say &(x, t), n(x, t) ] such that the boundary conditions take the nicer form 


v(0, ») finite, v(a, »)=0, where 7) =u(x, #). One such substitution which 
proves convenient is 


= 26%x/(1+ =In (1+ Bi). 


In fact, if this substitution is made and if we look for a solution of (2) in the 


form u=v=f(&) e*1, then substitution into (2) leads to the following ordinary 
differential equation for f(&): 


This is the conventional form of the hypergeometric equation, and thus we 
could write the solutions as hypergeometric functions and anticipate that for 
certain eigenvalues 8, (probably complex) the boundary conditions given above 
would be satisfied. However, in order to get a better insight into the nature of 
the eigenvalues and eigenfunctions, it is worthwhile to put Equation (3) into a 
canonical form. To accomplish this, we write, 


and when this is placed in (3), the equation for g becomes 

(5) 
48 16&(1 — &) 


where \ = (3 — 478 +48?) /16. The boundary conditions are g(0) = g(2b?) =0. 
This system is of the Sturm-Liouville type and its eigenvalues \, are real. 
Furthermore the \, tend to © as no. However, 


(6) Bn = —+ T, 


and thus for all except possibly a finite set of values, each of the 8, has a positive 
imaginary part. Now if b is negative (the spaghetti is then being drawn in) and 
Im 6,>0, then. Re (i8n) is a positive increasing function of ¢, and, in fact, the 
amplitude of the motion must go exponentially to infinity as the undrawn por- 


* We define b so that ct’ =bt. 
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tion of the cord decreases in length to zero. Actually, when the amplitude be- 
comes very large, the linear equation on which the theory is based becomes 
invalid but the growth of amplitude is nevertheless predicted for the earlier 
stages of the motion. From the practical point of view, one should note that the 
air and any other fluids present will produce a damping action which may, for 
sufficiently small 6, actually counteract the growth predicted in the undamped 
problem. However, for large 6 this is not to be anticipated. 


3. The Guitar String Problem. If we now turn to the second of our problems, 
we must consider an elastic string whose deflection is governed by the differential 
equation 
(7) = Ute, 
if we choose such a unit system that the propagation velocity is unity. If one end 
of the string is fixed and taken as the origin, and if a support which allows no 
lateral motion of that point on the string with which it is in contact is kept at 
x=1+0t, then the boundary conditions of the problem are 
(8) u(0, 4) = u(1 + dé, t) = 0. 


Rather than state explicit initial conditions, however, we shall again merely 
look for eigenfunctions and any initial conditions can then be realized by choos- 
ing an appropriate linear combination of the eigenfunction. 

In this probiem, it is convenient to choose 


bx 
~ 


g n = In (1 + Dé). (9) 


Defining u(x, t)=v(t, ) =a (£) e#" we obtain in place of Equation (7), the 
equation 
(10) (1 — — — + — = 0. 


This equation could also be put in hypergeometric form, but again it is conven- 
ient to write 


(11) = (1 — In 
and then hk must satisfy 
(12) won 
where 
h(0) = h(b) = 0. 


Using the arguments of the foregoing section, we see that almost all the 6, 
are real and that the amplitude of oscillations is this time not an increasing func- 
tion of the time. 


ent 
| 
d* 
ion 
rm 
ich 
he 
e 
or 
e 
a 
| 


672 A RECURRING THEOREM ON DETERMINANTS [December, 


There is an interesting observation which can be made concerning the result 
of these problems. Solutions of the systems given by Equations (5) and (12) 
which are differentiable in the interval 0<&<2b? and 0<£<b exist only where 
2b? and 4, respectively, are less than unity. That this should be true can be ob- 
served by referring to the original problems. These problems are associated with 
certain hyperbolic differential equations. The solutions of such equations are 
completely determined inside a certain domain of influence* when only the ini- 
tial conditions and the boundary conditions at x =0 are stated. Thus if the curve 
xo=(1-+bt)? [in the first problem] or x» =1-+-b¢ [in the second] should lie within 
this domain then, in general, no continuous solution can exist which obeys the 
given conditions on x =xo(t). Physically this states that the support moves along 
the string at a speed greater than the wave propagation speed associated with 
the phenomenon under investigation. Thus the lack of existence of solutions out- 
side a certain range of b is consistent with the physical facts. 


A RECURRING THEOREM ON DETERMINANTS 
OLGA TAUSSKY, National Bureau of Standards 


1. Introduction. This note concerns a theorem (Theorem I) on determinants 
[0-21, 25-27] of which proofs are being published again and again; on the other 
hand, the theorem is not as well known as it deserves to be. The theorem has 
arisen in many varied connections as is indicated by the titles of the papers 
quoted. Although it can be proved in a very simple manner, some of the proofs 
that have been given are very complicated. The theorem deals with determinants 
of matrices with a “dominant” main diagonal. Such matrices are particularly 
useful. 

In what follows the theorem and several generalizations are discussed. A 
rather important application to estimating characteristic roots of general mat- 
rices with complex elements is mentioned. By applying these estimates to the 
matrices with a “dominant” main diagonal more general results are obtained. 


2. Complex matrices. It will be convenient to denote by A; the sum of the 
moduli of the non-diagonal terms of the ith row of a matrix A= (a;;). 


THEOREM I. Jf (ai) is an m Xn matrix with complex elements such that 
(1) > As #=1,-°-,n 
then |aix| +0. 


* In the «x, ¢, plane. 
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Proof. Assume that | aix| =0. The system of equations 
+ = 0 


(2) 


Ont, + + AnnXn = 0 


then has a non-trivial solution x, - - - , #,. Let r be one of the indices for which 
|x|, (i=1, +--+, m), is maximum. Consider the rth equation in System (2). It 
implies 


n 
k=1,kztr 


which is in contradiction with (1). Hence |ai| #0. 
THEOREM II. Let (a;,) be an n Xn matrix with complex elements such that 
(3) = Ay, 


with equality in at most n—1 cases. Assume further that the matrix cannot be trans- 
formed to a matrix of the form 
0 


by the same permutation of the rows and columns, where P and Q are square matrices 
and 0 consists of zeros. It follows that the determinant | aix| #0. 


Proof. The proof is similar to that for Theorem I. Assume, for example, that 
the first relation in (3) is not an equality. From this it follows that | x,| > | xa for 
at least one value of k. Hence the rth equation of (2) is in contradiction with 
(3), provided not all a,;=0 for which |x,| >|x;|. If this, however, is the case, 
then the rth row contains m—s zeros where s is the number of suffixes j for which 
|x;| =|x,|. All the s corresponding rows contain »—s zeros in the same places. 
It follows that the matrix is of the form which was excluded. 


3. Real matrices. If all the relations in (3) become equalities the theorem 
ceases to hold, as is shown by any real matrix (a) with a0 for +k and 

In this connection the following result was established: [6, 10, 14] 


THEOREM III. Let (ax) be a real nXn matrix such that a;;=0 and ax 30 for 
ix*k. Assume in addition that 


(4) ay = Ai, t=1,-++,n 


and that the matrix is not of the type excluded in Theorem II. The determinant then 
vanishes if and only if 7. 
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Proof. The determinant obviously vanishes if > 3.10% =0. Assume, con- 
versely, that the determinant vanishes. Consider the System (2). From the 
arguments used for the proof of Theorem I and II it follows that | x;| = | xo| 
= +++ =|x,|. Any equation of the system (2) then implies )-%_,a,=0. 


THEOREM IV. If (ai) ts a real n Xn matrix such that 
(S) a3 > Ai, 
then |au| >0. 


Proof. This theorem can be proved by induction [12]. A different proof is 
obtained by using the fact that Theorem IV is obviously true if a,=0 for7¥k. 
Using this and Theorem I a proof can be obtained by continuity arguments. 


4. Generalizations. 

THEOREM V. Jf (ai) is an n Xn matrix such that 
(6) | a; | | > i,k=1,-++, mix h, 
then | ax| #0. [14, 23] 


Proof. Note that the relations (6) imply | ais| >A; for all ¢ but one. If these 
inequalities are satisfied for all ¢, the relations (1) hold. In this case the theorem 
is known. Assume, for example, that 


|au| < Ai; | > Ay, 2,-++, Mm; 


Without loss of generality it may be assumed that a1, =1 so that the above rela- 
tions can be replaced by 


1<Ai; | > Ay, i= 2,+++,m; 
| ax | > ArAi, t= 2,+++, Mm; 


Multiply the first column of the matrix (ai) by A1. It will be sufficient to prove 
that this new matrix is non-singular. Denote its elements by ag the numbers 
corresponding to A; by A/. The following inequalities hold: 


= 41 = Ai; | > Ai, i=2,-++,m 
Since the matrix (ag) satisfies (3), it follows that +0. Hence also | #0. 


THEOREM VI. Theorems I and II are best possible insofar as the inequalities 
involved cannot be replaced by weaker ones. 
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Proof. Suppose that 
|an| Ai; | au| > As t=2,+++,m, 


where €>0, but is arbitrarily small. The result follows because the matrix 
€ 
for which these relations are satisfied is clearly singular. 


5. Application. If Theorem II is applied to the characteristic determinant of 
any m Xm matrix (aj) with complex coefficients it follows that the characteristic 
roots must lie inside the circles with centres a,; and radii A; [9, 10, 14, 18, 22, 24, 
25, 28-30]. A boundary point can only be a characteristic root if it is also on 
the boundary of the »—1 other circles. 

Similarly, the application of Theorem VI shows that the roots lie inside or 
on the boundary of a set of m(m—1)/2 Cassini ovals. 

Now apply the circles in particular to a real matrix (a) of the type con- 
sidered in Theorems III and IV. These circles may pass through the origin, but 
otherwise lie entirely to the right of the imaginary axis. This gives 


THEOREM VII. All the non-zero characteristic roots of matrices with real ele- 
ments which satisfy (4) or (5) have positive real parts. 


If none of the non-diagonal elements is positive it has been shown that the 
root with the smallest real part is real [10]. 
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MATHEMATICAL NOTES 


EpiTeEp By E, F. BECKENBACH, University of California, Los Angeles 


Material for this department should be sent directly to E. F. Beckenbach, University of 
California, Los Angeles 24, Calif. 


AN INTEGRAL TEST FOR CONVERGENCE 


R, P. AGNEw, Cornell University, and R. P. Boas, Jr., Brown University and 
Massachusetts Institute of Technology 


In a recent note [3] M. Ward called attention to, and gave a simple proof of, 
G. H. Hardy’s formulation of the integral test for the convergence of series. At 
about the same time, M. F. Egan [1] gave a more general form of the theorem. 
Here we give a still shorter proof of the theorem in Egan’s form. 


THEOREM. Let f(x) be a complex-valued function of bounded variation on the 
whole interval OSx< 0. Then the series > ~_of(n) and the integral fy f(x)dx con- 
verge or diverge together. 


We use the notation /?| df(x)| for the total variation of f(x) from a to b. By 
hypothesis {¢ | df()| is bounded; since it does not decrease, it approaches a 
finite limit; consequently J¥| df(t)| +0 as x, y> and so | f(x) —f(y)| df(o)| 
—0 as x, y> ©. Hence lim,... f(x) exists; if it is not zero, both the series and the 
integral diverge. We assume from now on that f(x)—0. 

We have for 0<cS1 and each nonnegative integer n, 

nte nte 
sf 


nte 
(1) f f(x)dx — of(n) 


From (1) it follows that, since f(m)—0, limz.. Jof(é)dé exists if and only if 
lima. Jof(t)dt exists. Next, taking ¢=1 in (1), and adding the inequalities cor- 


responding to n=p, p+1, ---,q—1, we obtain 
@ q-1 qd 
(2) f [ 


so that as p, gq the left side tends to 0. The theorem follows. 
We remark that, when the function f(x) is continuous at x=0, 1, 2,°--, 
the inequality (2) can be obtained from the formula 


f = fe - eda, 


which is a variant of the Euler [2] (or Euler-Maclaurin) summation formula, 
the last integral being a Riemann-Stieltjes integral. Under this more restrictive 
hypothesis we have 
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[tea - = f 


and 


(3) 


f — 


sf lane 


whenever the series and integral are convergent. The inequality (3) follows from 
(2) even when f(x) is discontinuous for integer values of x; and (3) is a “best” 
inequality in the sense that equality in (3) can hold when the right member is 
positive and finite. 

Egan’s theorem includes the more familiar case of a nonincreasing f(x), 
while Ward’s theorem does not: Ward assumes that f¢|f’(x)|dx converges 
and that f’(x) is integrable to f(x), which need not be the case for a monotonic 
f(*). 
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SUMMABLE SERIES AND INTEGRALS 
S. T. PARKER, Kansas State College, Manhattan, Kansas 


In our reading we frequently encounter the idea of summability of series 
and integrals. We understand that there are some non-convergent series and 
integrals to which some sort of “sum” can be attached. But are we able to give, 
offhand, a few simple examples of such series and integrals? The present note is 
to supply one method of construction of these series and integrals. 

The literature dealing with operations on series is very extensive; we cite 
but a few references at the end of the paper. There are now many methods of 
finding the sum of a series, most of which grew out of the method described in 
this paper. 

Most discussions of the subject begin with the series 


(1) 1-14+1-1+---, 
with partial sums 
(2) So= 1,5; = 0,S: = 


The series (1) is non-convergent, but the sequence of arithmetic means, 


Sot Si: Sot 
2 3 
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does converge to the “sum” 1/2. We say that the series is summable (H, 1), 
the Hélder method, to the value 1/2. 
Let us write* 


m1 go 
(3) n+1- 


If of converges to o as n— © we say that the series is summable (H, k) toa. 
Suppose we desire an example of a series summable (H, 2) to the value 1/2, but 
not summable (H, 1). We can let 


oo = 1, 01 = 0, o2 = 1, 


which leads to 
So=1,S5,= — 1, S: = 3, — 3, =5,°°-, 

which in turn gives the series 

(4) 


This series is, then, (H, 2) summable to 1/2, but is not (H, 1) summable. 

In general, we can construct a series which is (H, k) summable to 1/2, but 
is not (H, kR—1) summable, by letting the (k —1)st means take on successively 
the values in the sequence 


The cases k=3 and 4 are easily worked out to be 


(5) 1— 4+ 14 — 32+ 58 — 92 + 134 — 184+4.---, 
(6) 1— 8+ 46 — 156 + 386 — 784 + 1398 — 2276+--:-, 
respectively. 


We note that the series (1), (4), (5), and (6) can be expressed by substituting 
the value x =1 in the series expansion for 

1 1+ x? 1— 5x? — x3 1 — 4x + 20x? — + 
an 


i+” (1+ x)4 


respectively. This immediately suggests the following theorem:** 


* It is traditional to describe this as Hdlder’s method, although there is some difference of 
opinion on this matter. It is held that the method properly should be credited to Frobenius (see 
Crelle’s Journal. Bd. 89, 1880, pp. 262-264). 

** This theorem was originally a “conjecture.” A referee furnished a proof which, in slightly 
modified form, appears here. 
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THEOREM. Let f(x) be a polynomial in x such that f(—1) #0. Then the series 
expansion for 
+ x)* 
with x put equal to 1, is (H, k) summable to f(1)/2*, but ts not (H, k—1) summable. 
Proof: We shall replace H in the statement by C (Cesaro). This is equivalent 


by Schnee’s theorem (see [4], p. 481). 
Consider 


f(1) 
F(x) = f(x) (1 + 
This is a polynomial in x. Moreover, F(1) =0. Hence, 
F(x) = (1 — x) P(x), 
where P(x) is a polynomial in x. Therefore, we can write 


> f(z) (1 — P(e) 


or 


(1 nx” = (1 x)~ (eH) + P(x)(1 x2)-*, 


As a result, un is (C, k) summable to f(1)/2* (see [2], p. 314). It remains 
to show that >-u, is not (C, k—1) summable. 
Let us write 


(7) = ao(1 + x)-* +7a,(1 + + + 


where a9=f(—1) #0. There will be a finite number of the a;. In place of (7) 
we can write 


k+1 k k—1 
k+2 k+1 k 


The series }°u, then is the series (8) with x set equal to 1. 
Suppose the series }°u, is (C, k—1) summable. Then (by [4], p. 484) we 
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must have, for 2, 
(9) tt, = o(n*), 
But, 
ty, ~ — 1)! + ayn*-*/(k — 2)1+ 


Hence 
Un ao gt 
n*1 (k—1)! 


and the fact that (9) does not hold completes the proof of the theorem. 
In the case of integrals, the Hélder analogues are the successive integrals 


H,(x) = Ho(t)dt, 


ll 
= 
=> 
~ 


A 


If H,(x)-H as then the integral f(t)dt is said to be summable (H, n) 
to H. 

We can build up examples as indicated for series. The following are some 
results of such procedure: 


f sin 2édt, 
0 


f (2 sin 2¢ + 2¢ cos 2#)dt, 
0 


f (4 sin 2¢ + 10¢ cos}2¢ — 4#? sin 2¢)dt. 
0 


These integrals are each summable to the value 1/2, by the respective methods 
(H, 1), (H, 2), and (H, 3), and are not summable by any lower Hélder method. 
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LIMITS BY “CONSECUTIVE RATIONALS” 
GorDon PALL, Illinois Institute of Technology 


Most mathematicians have seen simple demonstrations of the monotonicity 
of (1+1/m)" or (1+1/m)**', where n increases through integral values. Even 
with the existence of these limits established, it usually remains to discuss 
(1+h)'/* with h rational, or real. The following direct demonstration of the 
existence of lim (1-++/)'/* when h tends to zero through positive rational values, 
may be of interest. It is desired to prove that if 0<r<s, r and s being rational, 
then 


(1) > 


Any two rational numbers r and s may be taken over a common denominator, 
as p/q and (p+h)/g, and by considering consecutive pairs (p+7)/q (4=0, 


1,--+-+,h), we see that (1) will follow from 

(2) (1 + > (1+ + 
where p and g are positive integers. Now (2) is equivalent to 
(3) (1+ p/q)?** > (1 + + 1)/9)?. 


We expand each member by the binomial theorem. The first two terms coincide, 
and each remaining term on the left exceeds the corresponding term on the 


right, if 
p 1 (p + 


hence if p"+!>(p—r)(p+1)’. The last inequality is true since the powers of p 
(below p’) in the expansion of the right member have negative coefficients. 

To complete the proof of the existence of e=lim (1-+-/)'/* when h tends to 
zero through positive rationals, it is still necessary to prove that (1+) is 
bounded. This now follows from the boundedness of (1+-1/)" with a positive 
integer, which can be demonstrated as usual by expanding this by the binomial 
theorem. For k negative, one may use 


(1 — 
(1+ 


 \ 
= where = (14) 46, 


and ¥(k) = k/(1 — > 0. 
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This method, which we may call the method of consecutive rationals can also be 
used to demonstrate directly the existence of 


g(a) = lim (a* — 1)/h, 


(whence the derivative of a? is a*g(a)). We will suppose here that a>1, and that 
h tends to zero through positive rationals. Since (a*—1)/h is bounded below (by 
0), it suffices to prove that (a*—1)/h is monotone decreasing as h->0+, and hence 
by our method, it suffices to prove that 


4 
(p + 1)/q b/q 
where p and g are positive integers. Put b=a"/*. Our inequality reduces to 
— 1) > (p + 1)(6? — 1), 
hence to pb?(b—1) >b?—1, or to 
pb? > 4 +4, 


which is evident since 6>1. 


A NOTE ON DIFFERENTIAL EQUATIONS 
C. H. DENBow, Naval Postgraduate School 


The following very elementary methods may be used to motivate or replace 
the “D Operator” methods for solving linear differential equations with constant 
coefficients, and the substitution y=e™* often used in their solution. We illus- 
trate by solving 


(1) y” + ay’ + by = f(x), 


where primes denote x derivatives. (The methods apply also to higher order 
equations). If r, s are the roots, distinct or not, of the auxiliary equation m?+-am 
+b=0, then we can write 


ay’ + by = — +s)y +9rsy = y” — ry’ — — ry), 


which shows that the substitution u = y’ —ry will reduce the order of equation (1), 
giving in fact the first order equation 


(2) u’ — su = f(x), 


whose solution is 
(3) “= of e~**f(x)dx + Cet? = y’ — ry. 


Solving the second equation in (3) gives 
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The middle term, for example, simplifies in two ways, according as r¥s or r=s, 
so that the case of equal roots is handled quite naturally. 

The solution of (3) given above corresponds to the “operator iteration” 
method. The so-called “partial fraction solution” is obtained still more easily. 
By symmetry we rewrite the second equation in (3), interchanging r and s, and 
subtract the resulting equation from (3), thus solving algebraically. 


WITH, OR WITHOUT, MOTIVATION?* 


G. Pétya, Stanford University 


The following lines present the same proof twice, first briefly without 
motivation, then broadly with motivation. I think that the comparison of these 
two presentations may clarify a few not quite trivial points of class-room tech- 
nique. 


1. Deus ex machina. A mathematical lecture should be, first of all, correct 
and unambiguous. Still, we know from painful experience that a perfectly un- 
ambiguous and correct exposition can be far from satisfactory and may appear 
uninspiring, tiresome or disappointing, even if the subject-matter presented is 
interesting in itself. The most conspicuous blemish of an otherwise acceptable 
presentation is the “deus ex machina.” Before further comments, I wish to give 
a concrete example. f 


2. Example. I wish to present the proof of the following elementary, but not 
too elementary, theorem: Jf the terms of the sequence a, a3, are nonnega- 
tive real numbers, not all equal to 0, then 


a,)1/" < e>, an. 
1 1 


Proof. Define the numbers C2, ¢3, by 
Cn = (n + 1)" 
for n=1, 2, 3,---+.We use this definition, then the inequality between the 


arithmetic and the geometric means, and finally the fact that the sequence 
defining e, the general term of which is [(k+1)/k]*, is increasing. We obtain 


(a1d2 eee ay) = 
1 


n+1 


* Presented at the meeting of the Northern California Section of the Mathematical Associa- 
tion of America, San Francisco, January 29, 1949. 

t I may be excused if I choose an example from my own work. See G. Pélya, Proof of an 
inequality, Proceedings of the London Mathematical Society (2) v. 24, 1925, p. LVII. The 
theorem proved is due to T. Carleman. 
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> 

‘ n(n + 1) 

1 


kul nzk n(n + 1) 


1 1 
1 
k=l ner n+ 
bed (k+1)* 1 


k=l k 
< ak. 
kal 


3. Motivation. The crucial point of the proof is the definition of the sequence 
C1, C2, ¢3, :* +. This point appears right at the beginning without any prepara- 
tion, as a typical “deus ex machina.” What is the objection to it? 

“It appears as a rabbit pulled out of a hat.” 

“It pops up from nowhere. It looks so arbitrary. It has no visible motive or 
purpose.” 

“I hate to walk in the dark. I hate to take a step, when I cannot see any 
reason why it should bring me nearer to the goal.” 

“Perhaps the author knows the purpose of this step, but I do not and, there- 
fore, I cannot follow him with confidence.” 

“Look here, I am not here just to admire you. I wish to learn how to do 
problems by myself. Yet I cannot see how it was humanly possible to hit upon 
your ... definition. So what can I learn here? How could I find sucha... 
definition by myself?” 

“This step is not trivial. It seems crucial. If I could see that it has some 
chances of success, or see some plausible provisional justification for it, then I 
could also imagine how it was invented and, at any rate, I could follow the 
subsequent reasoning with more confidence and more understanding.” 

The first answers are not very explicit, the later ones are better, and the last 
is the best. It reveals that an intelligent reader or listener desires two things: 

First, to see that the present step of the argument is correct. 

Second, to see that the present step is appropriate. 

A step of a mathematical argument is appropriate, if it is essentially con- 
nected with the purpose, if it brings us nearer to the goal. It is not enough, 
however, that a step is appropriate: it should appear so to the reader. If the step 
is simple, just a trivial, routine step, the reader can easily imagine how it could 
be connected with the aim of the argument. If the order of presentation is very 
carefully planned, the context may suggest the connection of the step with the 
aim. If, however, the step is visibly important, but its connection with the aim 
is not visible at all, it appears as a “deus ex machina” and the intelligent 
reader or listener is understandably disappointed. 
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In our example, the definition of c, appears as a “deus ex machina.” Yet this 
step is certainly appropriate. In fact, the argument based on this definition 
proves the proposed theorem, and proves it rather quickly and clearly. The 
trouble is that the step in question, although vindicated in the end, does not 
appear as justified from the start. 

Yet how could the author justify it from the start? The complete justifica- 
tion takes some time; it is supplied by the following proof. What is needed is, 
not a complete, but an incomplete justification, a plausible provisional ground, 
just a hint that the step has some chances of success, in short, some heuristic 
motivation. 

In many similar cases, the motivation can be given in a few words, but this 
is not always so. In some cases a plausible story of the discovery supplies an 
attractive motivation. Such stories are much more suitable for oral presentation 
than for print, but just for once I take the liberty of printing such a story, even 
if it is not quite short. It is almost unnecessary to remind the reader that the best 
stories are not true; they contain, however, some elements of truth. 


4. Another presentation of the example. The theorem proved in section 2 
is surprising in itself. We should be less surprised, if we would know, how it was 
discovered. We are led to it naturally in trying to prove the following: If the series 
with positive terms 


+ 
is convergent, the series 
+ + + +++ + +++ an) 


is also convergent. I shall try to emphasize some motives which may help us to 
find the proof. 


A suitable known theorem. It is natural to begin with the usual questions.{ 
What is the hypothesis? We assume that the series }-a, converges—that its 
partial sums remain bounded—that 


a,+ a2+--- +a, not large. 


What is the conclusion? We wish to prove that the series (a1, a2 
converges—that 


small. 


Do you know a theorem that could be useful? What we need is some relation 
between the sum of positive quantities and their geometric mean. Have you 
seen something of this kind before? If you ever have heard of the inequality be- 


t About the réle of such questions see the author’s booklet, How to Solve It, Princeton, 5th 
enlarged printing, 1948. 
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tween the arithmetic and the geometric means, it has a good chance to occur to 
you at this juncture: 


n 


This inequality shows that (a1, dz - - - d,)'/" is small when a;+a2+ +++ +a, 
is not large. It has so many contacts with our problem that we can hardly 
resist the temptation of applying it: 
= + an 


n=l n=1 nN 


k=l n=k 


(2) 


—complete failure! The series }°1/n is divergent, the last line of (2) is meaning- 
less. 

Learning from failure. It is difficult to admit that our plan was wrong. We 
would like to believe that at least some part of it was right. The useful questions 
are: What was wrong with our plan? Which part of it could we save? 


The series a;+a2+ +a,+ converges. Therefore, a, is small when 
n is large. Yet the two sides of the inequality (A) are different when aj, a2, - - - dn 
are not all equal, and they may be very different when a, a2, - - - , @, are very 


unequal. In our case, a; is much larger than a,, and so there may be a consider- 
able gap between the two sides of (A). This is probably the reason that our 
application of (A) turned out to be insufficient. 

Modifying the approach. The mistake was to apply the inequality (A) to the 
quantities 


@1, G2, @3,°** An 


which are too unequal. Why not apply it to some related quantities which have 
more chance to be equal? We could try 


1a;, 2a2, 3a3, , 


This may be the idea! We may introduce such increasing compensating factors 
as 1, 2, 3, - - - m. We should, however, not commit ourselves more than neces- 
sary, we should reserve ourselves some freedom of action. We should consider 
perhaps, more generally, the quantities 


We could leave \ indeterminate for the moment, and choose the most advanta- 
geous value later. This plan has so many good features that it seems ripe for 
action: 


| 
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1 (1 2 n)r!n 

n(n!)r/n 


1 
> > ——. 


nak 


1 


(3) 


HA 


We run into difficulties. We cannot evaluate the last sum. Even if we recall 
various relevant tricks, we are still obliged to work with “crude equations” 
(notation ~, instead of =): 


(n!)1/" = nem}, 


1 
wer 
nak 
~ of 
k 
= 


Introducing this into the last line of (3) we come very close to proving 

1 1 


where C is some constant, perhaps e’A~!. Such an inequality would, of course, 
prove the theorem in view. 

Looking back at the foregoing reasoning we are led to repeat the question: 
“Which value of \ is most advantageous?” Probably the \ that makes e’~' a 
minimum. We can find this value by differential calculus: 


A= 1. 


This suggests strongly that the most obvious choice is the most advantageous: 
the compensating factor multiplying a, should be n'=n, or some quantity not 
very different from m when 1 is large. This may lead to the simple value C =e in 
(3’). 

More flexibility. We left \ indeterminate in our foregoing reasoning (3). This 
gave our plan a certain flexibility: the value of \ remained at our disposal. Why 
not give our plan still more flexibility? We could leave the compensating factor 
that multiplies a, quite indeterminate; we call it c,, and we will dispose of its 
value later, when we shall see more clearly what we need. We embark upon 
this further modification of our original approach: 
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+ dele + +++ + 
(4) 
n=l n(C1C2 Cn)'!™ 
1 
=D ae 


How should we choose c,? This is the crucial question and we can no longer 
postpone the answer. 
First, we see easily that a factor of proportionality must remain arbitrary. 


In fact, the sequence cc, CC2, + , CCn, leads to the same consequences as 
Second, our foregoing work suggests that both c, and (¢, cz - + + ¢,)'/" should 
be asymptotically proportional to n: 
Cn ~ Kn, Cn)" ~ = K'n. 


Third, it is most desirable that we should be able to effect the summation 


1 


nak 


At this point, we need whatever previous knowledge we have about simple 
series. If we are familiar with the series 


it has a good chance to occur to us at this juncture. This series has the property 
that its sum has a simple expression not only from =1 to n= ©, but also from 
n=k to n= ©—a great advantage! This series suggests the choice 


++ = n+ 1. 


Now, visibly »+1~n for large n—a good sign! What about c, itself? As 


1)* 
= (w+ -(1+-) n~ en; 
n 


the asymptotic proportionality with n is a good sign. And the number e arises— 
a very good sign! 

We choose this c, and, after this choice, we take up again the derivation (1)— 
with more confidence than before. 
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Now, we may understand how it was humanly possible to discover that 
definition of c, which appeared in section 2 as a “deus ex machina.” The deriva- 
tion (1) became also more understandable. It appears now as the last, and the 
only successful, attempt in a chain of consecutive trials, (2), (3), (4) and (1). 
And the origin of the theorem itself is elucidated. We see now how it was 
possible to discover the réle of the number e which appeared so surprising at the 
outset. § 


5. Demonstrative conclusions and heuristic motives. The two presentations, 
in section 2 and in section 4, are very different. The most obvious difference is 
that one is short and the other long. The most essential difference is that one 
gives proofs and the other plausibilities. One is designed to check the demonstra- 
tive conclusions justifying the successive steps. The other is arranged to give 
some insight into the heuristic motives of certain steps. The demonstrative pres- 
entation follows the accepted manner, usual since Euclid; the heuristic pres- 
entation is extremely unusual in print. Yet an ambitious teacher can use both 
manners of exposition. In fact, he should teach his students two things: 

First, to distinguish a valid demonstration from an invalid attempt, a proof 
from a guess. 

Second, to distinguish a more reasonable guess from a less reasonable guess. 

The first point is generally recognized and I need not stress it. The second 
point is, in my opinion, even more important, but much more subtle. If my long 
presentation can serve this subtle second aim to some little degree, its length is 
amply justified. 

Of course, various transitions or compromises are possible between the two 
manners of presentation.** An alert teacher should be able to find out how 
much stress on motivation suits his audience, how much suits himself personally, 
and how much time he has for motivation. 

I cannot omit a final remark on logic. Some authors distinguish two branches 
of logic, deductive logic and inductive logic. Yet these two branches differ 
widely. Deductive logic is a firmly established branch of science, and became in 
its latest development, as symbolic logic, practically a branch of mathematics. 
Inductive logic is an interesting subject of philosophical discussion, but can 
scarcely be regarded as an established science. Deductive logic is concerned with 
the validity of proofs. Inductive logic which I would prefer to call heuristic 
logic, in order to emphasize its wider scope, is concerned with plausible inference 
only. That deductive logic is closely connected with mathematics, is widely 
recognized; some modern authors think, that its proper object is the analysis of 
the deductive structure of mathematical theories. Now I come to my point: I 


§ Of course, many different heuristic motives could have guided us to the same solution. Espe- 
cially, we could have raised the question: “Is C=e the best (smallest) value of C for which the 
inequality (3’) holds?” This question (to which the answer is affirmative) could have suggested 
further grounds for the choice of cn. See l.c. f). 

** For a presentation intermediate between section 2 and section 4 see G. H. Hardy, J. E. 
Littlewood and G. Pélya, Inequalities, pp. 249-250. 
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think that also heuristic logic is closely connected with mathematics, but not 
with mathematical theories and their deductive structure, rather with mathe- 
matical problems and the invention of their solution. In fact, I think that heu- 
ristic logic could make serious progress in studying such plausible motives of the 
solution as were emphasized in the long presentation of.our example. 


ELEMENTARY PROBLEMS AND SOLUTIONS 
EpITED By Howarb Eves, Oregon State College 


Send all communications concerning Elementary Problems and Solutions to Howard Eves, 
Mathematics Department, Oregon State College, Corvallis, Oregon. This department welcomes 
problems believed to be new, and demanding no tools beyond those ordinarily furnished in 
the first two years of college mathematics. To facilitate their consideration, solutions should be 
submitted on separate, signed sheets, within three months after publication of problems. 


PROBLEMS FOR SOLUTION 
E 891. Proposed by Richard and Josephine Andree, University of Oklahoma 
Given that E?=H and that each symbol represents a unique digit, find, and 
prove unique, the numerical solution of the following addition problem. 


D& J 
ANDREE 
S EN D 


CHEER 


E 892. Proposed by J. P. Ballantine and G. E. Ulrich, University of Wash- 
ington 

Let T be a given triangle, U the triangle whose vertices are the centroids of 
equilateral triangles described externally on the sides of T, and V the triangle 
whose vertices are the centroids of equilateral triangles described internally on 
the sides of T. Show that area T=area U—area V. 


E 893. Proposed by N. J. Fine, University of Pennsylvania 
Find 


lim >> (=—1)* 


n=O 


E 894. Proposed by Victor Thébault, Tennie, Sarthe, France 


Let perpendiculars through vertex A of tetrahedron ABCD to the faces ABC, 
ACD, ADB cut the circumsphere of ABCD in B’, C’, D’ respectively. Show 
that the volumes of the polyhedra A-B’C’D’-B, A-B’'C’D'-C, A-B'C'D’-D are 
equal to that of ABCD. 
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E 895. Proposed by L. Fejes Téth, Budapest, Hungary 


Let the incircle of a convex polygon be defined as the largest circle whose 
interior lies in the interior of the polygon. Show that the sum of the squares of 
the edges of a convex polyhedron is at least twelve times the square of the di- 
ameter of the least incircle of the faces. 


SOLUTIONS 
Evaluation of a Determinant 


E 857 [1949, 179]. Proposed by M. S. Knebelman, Washington State College 

Evaluate the s by s determinant whose element in the (i+1)st row and 
(j+1)st column is 

Solution by S. T. Parker, Kansas State College. We suppose that »2™m, since 
n<m makes the value of the determinant zero. Let A(s) be the value of the s by s 
determinant and let D represent d/dx. 

It is seen that a factor (n+7)!/(m-++-i—m)! can be removed from the (i+1)st 
row. Let 


e—1 


K = (n+ 


t=0 


Then 
m Dx"-™ D2x"-™ 
A(s) = K | mt? D2xn—mt2 = Kis), say. 


m+ée—1 Dx*- m+s—1 D?*x"- m+s—1 , 


In 4(s), multiply the (s—1)st row by —x and add it to the sth row, multiply the 
(s—2)nd row by —<x and add it to the (s—1)st row, etc. The result is 


Dx"-™ D*x*-™ 
2Dx"-™ 


We see that 6(1) =x"-™ and hence 6(s) IIj=3i!. Therefore 


a—1 


A(s) = (n + i)!i!/(n — m+ i)!. 


t=0 


Also solved by J. L. Ericksen, N. D. Lane, Roger Lessard, Norman Miller, 
Azriel Rosenfeld, and the proposer. 
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For an application of the special case m=0 see the proposer’s article The 
Wronskian for linear differential equations, this MONTHLY, [1949, 252-254]. 


An Interesting Even Function 


E 858 [1949, 179]. Proposed by Henry Scheffé, University of California at Los 
Angeles 


Give an example of an even function with continuous derivatives up to order 
n, which has neither a maximum nor a minimum at x=0. 


Solution by J. C. C. McKinsey, Santa Monica, California. Take 
f(x) = x?" cos 1/x, x ¥ 0, 
f(0) = 0. 


The continuity of the derivatives follows as in the solution of E 770 [1948, 97]. 
The function, however, has no extreme at the origin since it assumes both posi- 
tive and negative values in any neighborhood of the origin. 
Also solved by J. L. Ericksen, Vern Hoggatt, M.S. Klamkin, Norman Miller, 
Leo Moser, C. S. Ogilvy, Mary Payne, C. F. Pinzka, and the proposer. 
Several solvers pointed out that f(x) =constant satisfies the requirements. 
Others used f(x) =x?"*! sin 1/x, x0; f(0) =0. 


Ratio of Inradii of Hexahedron and Octahedron 
E 859 [1949, 180]. Proposed by C. W. Trigg, Los Angeles City College 


If the faces of a hexahedron are equilateral triangles congruent to the faces 
of a regular octahedron, then the radii of the inscribed spheres are in the ratio 
2:3. 


Solution by William Douglas, Courtenay, British Columbia. The hexahedron 
is composed of two equi-edge triangular pyramids (regular tetrahedra), base to 
base, and the octahedron is composed of two equi-edge square pyramids, base 
to base. The incenters of the two solids are located at the centroids of the bases 
of the pyramids. If we let the edges of the two solids be of unit length, then, by 
simple use of the Pythagorean theorem, we find that the inradii of the solids are 
6/9 and 1/+/6, which are in the ratio 2:3. 

Also solved by W. E. Buker, Ragnar Dybvik, N. D. Lane, Leo Moser, Azriel 
Rosenfeld, C. M. Sandwick, and the proposer. 

For the same edge, it is well known that the equi-edge tirangular pyramid 
has half the volume of the equi-edge square one, whence V;/V,=1/2. Also, the 
surface of the octahedron is 8/6 that of the hexahedron, or S,/S,=4/3. Since 
Vo=(roS0)/3, it follows that 


= (Va/Vo)(So/Sr) = 2/3. 


That the equi-edge triangular pyramid has half the volume of the equi-edge 
square one is interestingly verified by familiar results on the piling of shot. A 
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triangular pyramid of courses contains t, = n(n-+1)(~+2)/6 shot, and a square 
pyramid of courses contains s,=n(n+1)(2m+1)/6 shot. Now tn/S, 
=1/2. 


A Volume Dissection 
E 860 [1949, 180]. Proposed by Leo Moser, University of Manitoba 


Show that if all the faces of a polyhedron have central symmetry then it 
can be dissected by a finite number of plane cuts and the pieces fitted together 
to form a solid cube. 


Solution by the Proposer. First dissect the faces into parallelograms. Then, 
from the vertices to one ‘side’ of a fixed zone, drop lines into the polyhedron, 
equal and parallel to the edges of the fixed zone. (See solution to problem 4176 
[1947, 169].) These determine a layer of parallelepipeds which when removed 
leave a polyhedron all of whose faces are parallelograms but whose number is 
smaller than before. Proceeding in this way we can dissect the given polyhedron 
into a number of parallelepipeds. Each parallelepiped we can then dissect into 
a rectangular parallelepiped by the following method. From one of the vertices 
drop a perpendicular plane to one of the opposite faces. There will always be at 
least one such perpendicular plane cutting through the parallelepiped. Fit the 
two pieces together to form a parallelepiped with at least one right angle. Pro- 
ceeding in this way we can make all the angles right angles. 

Now suppose the volume of the whole polyhedron is 1, and the dimensions 
of one of the rectangular parallelepipeds are a, b, c. Making cuts perpendicular 
to the plane of the rectangle a Xd, dissect this rectangle into a rectangle 1 X (ab). 
(See, e.g., Kraitchik, Mathematical Recreations, Ch. VIII.) Then by cuts per- 
pendicular to the plane of the rectangle (ab) Xc dissect this into a rectangle 
1 X(abc). Thus we obtain a rectangular parallelepiped 1X1 X(abc). If we do 
this to all the parallelepipeds we can clearly put all the rectangular paralele- 
pipeds together to form a cube. 


Editorial Note. It is a remarkable and well known fact that any two polygons 
having equal areas are such that one of them can be dissected into a finite 
number of polygonal pieces which can be rearranged to form the second poly- 
gon. On the other hand it is not always possible to dissect a given polyhedral 
solid into a finite number of polyehdral pieces which can be fitted together to 
form a second given polyhedral solid of the same volume. This interesting fact 
is known as Dehn’s theorem and was first established by M. Dehn in Nachr. der 
k. Gesellschaft der Wissenach. zu Géttingen, 1900. Also see Dehn’s article “Uber 
den Rauminhalt,” Math. Ann., 1902, p. 465. A proof of this theorem may be 
found in H. G. Forder, The Foundations of Euclidean Geometry, pp. 288-290. 
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ADVANCED PROBLEMS AND SOLUTIONS 
EpiTeD By E. P. STarKE, Rutgers University 


Send all communications concerning Advanced Protlems and Solutions to E. P. Starke, 
Rutgers University, New Brunswick, New Jersey. All manuscripts should be typewritten, 
with double spacing and margins at least one inch wide. Problems containing results believed to 
be new or extensions of old results are especially sought. Proposers of problems should also en- 
close any solutions or information that will assist the editor. In general, problems in well 
known textbooks or results in readily accesstble sources should not be proposed for this de- 
partment. 

PROBLEMS FOR SOLUTION 


4370. Proposed by H. F. Sandham, Trinity College, Ireland 


A’, B’, C’ are points on the opposite sides of a triangle ABC. The circles 
through B’C’A, C’A’B, A’B’C intersect in M, the Miguel point, whose isogonal 
conjugate is M’. Prove that M, M’ are corresponding points under the direct 
circular transformation set up by A, A’; B, B’; C, C’. 


4371. Proposed by Albert Wilansky, Lehigh University 
Define 6(a, h) as the largest number @ satisfying 

(i) 0<6<1 

(ii) f(a + h) = f(a) + hf'(a + Oh) 


where f(x) =x? sin (1/x) for x0, f(0) =0. 

Now set A(t) = [h-0(0, h)]-!. Prove that as A tends to zero, \(h) tends to 
infinity in a step function manner; specifically, given e>0, there is a number 
H(e) such that for every h with | h| <H there is an integer n(h) such that 


| (n+ <e. 
4372. Proposed by Ky Fan, University of Notre Dame 
For what real values of x does the sequence 
fn(x) = sin 
converge, and what is the limit? 


4373. Proposed by Victor Thébault, Tennie, Sarthe, France 


In every system of numeration having a base B which is the product of dis~ 
tinct prime factors, each to the first power, and which is not divisible by a given 
odd prime number m nor by any prime number of the form 2km+1, the mth 
powers of integers which terminate in the digits 0 to B—1 all have distinct units 
digits. 


4374. Proposed by Paul Erdés, Syracuse University 
Let d,>0, dx, The well known theorem of Abel-Dini 
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states that }>*_, d,/D, = ©. Now let f(m) >0 be any increasing function which 
satisfies }>*_, d,/f(n) = ©, then 


da 
= 0 
max {D,, f(n)} 
SOLUTIONS 


Volume of Polar Tetrahedron a Minimum 


4248 [1947, 419], corrected. Proposed by Victor Thébault, Tennie, Sarthe, 
France 


Having given a tetrahedron ABCD, place a sphere (S) of given radius in such 
a manner that the volume of the polar tetrahedron of ABCD with respect to (S) 
will be a relative minimum. 


Solution by Robert Bouvaist, Vincelles, Saéne-et-Loire, France.* We shall estab- 
lish first the following proposition: Given a tetrahedron ABCD of volume V and 
a central quadric of center O and of semi-axes a, b, c, the volume V’ of the tetra- 
hedron A’B’C’D’ obtained from ABCD by polar reciprocation with respect to 


the quadric is given by 
abc\? 
ViVoVsVa \ 6 


where Vj, V2, V3, V4 are the volumes of the tetrahedrons OBCD, OCDA, ODAB, 
OABC. Let the equation of the quadric be 


and the coérdinates of A, B, C, D be xi, yi, 2; (¢=1, 2, 3, 4). Then 
1 
V= mat |. 


The equation of B’C’D’ is: 
Ny 


Since the volume of tetrahedron A’B’C'D’, for which the faces have the equa- 
tions 


+ + Wiz + 5; = 0, 4, 2, 3, 4), 
is 
1 | |? 
— 
6 | - | - | - | | 


* Translated by W. E. Byrne, Virginia Military Institute. 
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( =) 
6 
since Vi= — | etc. 


If we designate by A, B, C, D the areas of the faces BCD, CDA, DAB, ABC 
and by x, y, 2, ¢ the absolute normal tetrahedral coordinates of O with respect to 


ABCD, we have 
giv? 
AxByCzDt\ 6 


But we have Ax+By+Cz+ Dti=3V. The maximum of AxByCzDt occurs for 
Ax=By=Cz=Dt, so that the point O should coincide with the centroid of 
ABCD. 


it follows that 


Genetic Algebra 
4277 [1948, 34]. Proposed by C. D. Olds, San Jose State College, California 


In a non-associative algebra, it is necessary to distinguish the possible inter- 
pretations of x". Thus, for example, in a non-commutative non-associative 
algebra x* can mean x-x? or x?-x. In a general non-commutative non-associative 
algebra the number of interpretations of x” is 2(2m—3)!/n!(n—2)! Is there a 
formula for the number of interpretations of x" in a general commutative 
non-associative algebra? 


Discussion by H. W. Becker, Santa Monica, California. The expression 
2n 
(1) Nasi = (2n)!/n!(n + 1)! = ( \/en + 1) 
n 


has a wide variety of distinct combinatorial and graphical interpretations, of at 
least five different types. That the types are distinct is made evident upon at- 
tempting to enumerate the symmetrically different sequences or graphs of each 
type, for these in general yield unequal numbers. 

Wedderburn [1] demonstrated the well known 


(2) Ni=N2=1, Na = Nm, 


m=1 


and showed that, upon omitting all terms of (2) having like form, we have 


(4) N; = 1, Nin = Na(Na + 1)/2 + Nan—m' Nm 


n 
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Here N, and N, are the numbers of commutative and non-commutative, 
non-associative products of # factors. 

Etherington [2] independently found generating functions for N, and N, 
and gave an explanation as to why they yield a simple formula for the first 
but not the second. His further work [3, 4] founded a tradition in genetic algebra 
whose development at the hands of R. D. Schafer [5, 6, 7] reached a wide audi- 
ence. 

In lieu of an exact formula for N,, we seek an approximation. By Stirling’s 
approximation to m!, (1) becomes 


(5) Nagi © 4°/(n + 1)Van, 


whence N,4:/N, approaches 4 with increasing n. If we calculate NV, and Ny 
for values of m through =25, and utilize an idea due to Motzkin [8], the follow- 
ing results are suggested empirically: 


(6) = Ra, fs, = 1.612. 
Thus 
(7) = ka, hn = 4/7 = 2.48. 


If the number h, is defined so that the following equation is true, it appears as 
though there exists a number h, the limit of /,, in terms of which the desired 
approximation of Nj,, may be expressed. We have then h,+0.812 and ap- 
proximately 


(8) = + = 


This formula is suggested for what it may be worth, based as it is on inspec- 
tion of a few values of m, and lacking any proof of the existence of the limits 
+, k, or h. The detailed figures are shown in the table below. Note, however, that 
(5) and (8) have the same form, U,~ab"/n*/?, as the approximations for the 
number of m-branch series-parallel passive circuits [9], and of -branch root- 
trees [10]. 

Other interpretations of the function (1) should be of interest. N, is the 
number of planar rhyme schemes [11], such that there are no crossovers in the 
Puttenham diagram [12]. Nay: is the number of ballot sequences in a two 
party election, such that the non-loser gets n—1 votes and is never behind his 
opponent, who may get anywhere from 0 to n—1 votes, Lucas [13], p. 164, Je 
scrutin du ballotage. (See also p. 14, marches du pion du jeu de dames; p. 86, 
les deux files de soldats; and p. 87, déplacements de la tour sur Il’ échiquier triangu- 
laire.) 

Nn: is the number of ways of decomposing an (n+2)-gon into triangles by 
n—1 non-intersecting diagonals, Lucas [13], pp. 90-96, 489. Nas: is also the 
number of ways of joining 2m points around a circle by m non-intersecting chords, 


the c, of Motzkin [8], which linearize to the configurations superieures of 
Touchard [14]. 
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This problem 4277 may also be regarded as a sequel to problem 3954 of O. 
Ore [1941, 564], whose solutions provide a helpful background. 


n Nn Tn 

1 1 1 1 

2 1 1 2 

3 2 1 1.33 

4 5 2 1.867 
5 14 

6 42 6 1.714 
132 11 1.558 
8 429 23 1.663 
9 1430 46 1.595 
10 4862 98 1.635 
11 16796 207 1.607 
12 58786 451 1.624 
i 2 08012 983 1.612 
14 7 42900 2179 1.617 
15 26 74440 4850 1.612 
16 96 94845 10905 1.615 
17 353 57670 24631 1.613 
18 1296 44790 56011 1.613 
19 4776 38700 1 27912 1.612 
20 17672 63190 2 93547 1.612 
21 65641 20420 6 76157 1.612 
22 2 44662 67020 16 63372 1.6121 
23 9 14825 63640 36 26149 1.6118 
24 34 30596 13650 84 36379 1.6118 
25 128 99041 47324 196 80277 1.6117 
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Applied Mathematics for Engineers and Scientists. By S. A. Schelkunoff. New 
York, D. Van Nostrand Company, 1948. 11+472 pages. $6.50. 


Most of the first sixteen chapters of this book deal with topics which might 
find a place in a course in advanced calculus; the next five chapters deal with 
special transcendental functions; the last chapter, entitled “Formulation of 
equations,” gives some examples of types of equations arising in various physical 
problems. The author states that his purpose is to bring “Higher Mathematics 
for Scientists and Engineers” up to date. This is certainly a laudable purpose, 
and several of the chapters admirably fulfill it. For example, the chapters on 
ordinary differential equations emphasize linear equations and approximate 
methods for nonlinear equations, while the special methods for handling equa- 
tions which occur only in textbooks are dismissed with the contempt which they 
deserve. There are good chapters on special conformal mappings and on the 
Laplace transform. The chapters on special functions form a convenient short 
collection of formulas for the gamma function, for exponential and sine and 
cosine integrals and for Bessel and Legendre functions. Other topics treated 
include complex numbers, integration (real and complex, with applications), 
power and Fourier series, vector analysis, numerical solution of equations (only 
the simplest methods are considered), and partial differential equations, with 
particular attention to wave equations and their applications in electrical 
problems. 

If used as a textbook, this book would seem to require supplementing with 
more numerous exercises, especially in the later chapters. A student could learn 
much useful mathematical technique from it. However, there are so many mis- 
leading mathematical statements that it should hardly be used except under 
competent guidance. For example, although the author refrains from saying 
that every function, or even every function encountered in practice, can be 
represented by a Fourier series, he says (incorrectly) that every piecewise con- 
tinuous function can be so represented; it would have been no harder, and even 
more suitable for practical purposes, to say (correctly) that every function 
made up of a finite number of monotonic pieces can be represented by a Fourier 
series. The author claims that the sum of a conditionally convergent series is 
changed by any rearrangement of the terms, and that a power series converges 
uniformly in the interior of its circle of convergence. He seems to consider it 
satisfactory to obtain the derivatives of exp (—1/x?) at x=0 as the limits of the 
derivatives for x0; this process would give an incorrect result if applied to 
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x? sin (1/x). He claims that “those functions which are given by the same set 
of arithmetic operations on each value of the variable z as a whole are clearly 
monogenic functions; and it can be shown that all monogenic functions can be 
represented in this way.” The definition of improper integral as given in the 
book would include Cauchy principal values, which the author does not seem to 
want. The ambiguity of the notation e* for the exponential function (so that a’ 
is multiple-valued but e? is not) is not recognized. The author misses the chance 
to clarify the confusing (though standard) notation “6-function.” To call it a 
function instead of admitting it as a convenient notational device unnecessarily 
complicates the notion of function; the author actually introduces (in another 
connection) the Stieltjes integrals which he could have used to make the situa- 
tion clear. Many of the author’s inaccuracies are mere disregard of mathe- 
matical refinements, and unlikely ever to cause difficulty to engineers and 
scientists. Some, however, such as those just mentioned, might well lead to 
mistakes. It seems to the reviewer that students are entitled to be given accurate 
statements, or at the very least warned that exceptions may occur to the 
inaccurate statements which are presented for convenience. 

There is one terminological innovation which might confuse anyone who 
looks at any other mathematical text: the author calls the absolute value of a 
complex number its amplitude. While this term may seem desirable for applica- 
tions, it is unfortunate to use it when the same word is so often used to denote 
the angle of the complex number (for which this book uses the satisfactory term 
phase). 

R. P. Boas, JR. 


CLUBS AND ALLIED ACTIVITIES 


EpITED By L. F. OLLMANN, Hofstra College 


Send reports of all activities, such as club reports, spectal features, topics with references, 
student papers, and other material of interest to L. F. Ollmann, Hofstra College, Hempstead, 
New York. 


CLUB REPORTS, 1948-49 
Mathematics Club, Iowa State College 


Topics of discussion at the meetings of the Iowa State Mathematics Club for 
the year 1948-49 were: 
The mysteries of addttion-subtraction logarithms, by J. E. K. Smith 
Logarithms to the base twelve, by Gerald Helmstadter 
Scientific satire in Gulliver's Travels, by Norris Chapman 
Geometry of paper folding, by George Fox 
Sundial, by Dale Hiedeman 
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Mathematics and imagination, by John Weisen 

Mapping, by Larew Collister 

Land location, by Charles Fritz 

Application of mathematics in actuarial science, by Prof. Floyd Harper of 
Drake University 

Mathematics of eclipses, by James McDonald 

Student life in India, by Dr. B. R. Seth, Visiting Professor at Iowa State 
College from Hindu College at New Delhi, India. 

Officers for 1948-49: President, Mary Ann Paulu; Program Committee, 
Jane Lloyd, Dolores A. Larson, R. J. Schrimper and G. K. Johnson; Faculty 
Advisers, Fred Robertson and Ruth L. Royer. 


Kappa Mu Epsilon, Central Michigan College 


The program for the academic year, 1948-49, of Michigan Beta Chapter of 
Kappa Mu Epsilon was as follows: 

The Russian peasant system of multiplication, by Glenn Clark 

The game of nim, by Mary Wright 

Topics from Mathematics and The Imagination, by Guy Coykendall 

Calculations of pi, by Don Chinnery 

Certain postulates in mathematics, by William Kumbier 

Use of mathematics in determining the frequency and location of the proposed 
local radio station, by Walter Maxwell, Station Manager and Chief Engineer 

Report of the national meeting of Kappa Mu Epsilon in Topeka, Kansas, 
by Dr. C. Richtmeyer, National Historian, and the student representatives, 
Mary Janet Booth and Edward Czarnecki. 

How to Add Fractions and Percentages, two movies of interest to prospective 
teachers, were shown. 

Officers elected for the year 1949 were as follows: President, Raymond 
Heminger; Vice-President, Margaret King; Secretary, Margaret Geukes; Treas- 
urer, Edward Czarnecki; Corresponding Secretary and Advisor, Mr. Dana R. 
Sudborough. 


Graduate Mathematics Club, Indiana University 


During the third year of the Graduate Mathematics Club at Indiana Univer- 
sity, a series of lectures was given by members of the department. The topics were: 

The problem of Plateau (with soap film demonstrations), by Dr. D. Gilbarg 
and Dr. G. W. Whaples 

Anecdotes on the development of non-euclidean geometry, by Dr. V. Hlavaty 

The three-body problem, by Dr. E. Hopf 

The theory of games, by Dr. J. W. T. Youngs. 

A picnic was held in a nearby state park in May. 

The Executive Committee for the year was: David Van Tijn, Joseph 
Sullivan, and Charles Tyler. 
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Pi Mu Epsilon, New York University 


Lectures held during the past year by the New York Delta Chapter of Pi 
Mu Epsilon at Washington Square College of New York University were: 

A geometrical approach to self-excited oscillations, by Prof. K. O. Friedrichs 

New electronic devices, by William Sollfrey 

Mathematical concepts and reality, by Prof. Hofstadter 

A geometrical approach to ballistics problems, by Samuel Karp 

Casualty actuary: salesman of probabilities, by Mr. T. O. Carlson, Actuary of 
the National Bureau of Casualty Underwriters and Members of the Casualty 
Actuarial Society 

Harmony of the world, by Prof. Morris Kline. 

An annual banquet and an initiation of 28 new members were part of the 
activities. 

The following officers were elected for 1949-50: Director, Paul Grey; Vice- 
Director, Solomon Ciolkowski; Secretary-Treasurer, Arlene Layton, Faculty 
Advisor and Permanent Secretary, John Schoonmaker. 


Mathematics Club, University of Kansas 


The following papers were presented by members of the Mathematics Club 
of the University of Kansas: 

Diaphantine analysis of x*—y*=2‘, by Arthur Kruse 

Relative motion, by Jack Hollingsworth 

Predicting elections, by Leslie Pihlblad 

Unsolved problems in mathematics, by Richard Harrington 

The Euler $-function—Number theory, by Sidney Lida 

Planetary motion, by George Cole 

Some identities for binomial coefficients, by Dr. R. Schatten 

A discussion of the new requirements for mathematics majors, by Dr. G. W. 
Smith, Dr. G. B. Price, and Dean Gilbert Ulmer. 

Extraction of number roots, by Bert Parsons 

Principles of nomographs, by Dale Rummer 

Visual aids in mathematics, by William Rinner 

The abacus, by Hsei Chang. 

All papers were presented by undergraduates except those by Dr. Schatten, 
Dr. Smith, Dale Rummer, and Hsei Chang. 

Special events during the year included a social meeting and the annual 
picnic. Refreshments were served after each meeting. 

Prizes were given for the best undergraduate talks of the year. Sidney Lida 
was awarded Men of Mathematics by E. T. Bell, for first prize; and Arthur 
Kruse received as second prize, Analytical Functions of a Complex Variable, by 
D. R. Curtiss. 

Officers elected to serve for 1949-50 are: President, Ralph Simmons; Vice- 
President, Claire Grothusen; Secretary-Treasurer, Zelina Higgenbottom. 
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Kappa Mu Epsilon, Bowling Green State University 


The program of the Ohio Alpha Chapter of Kappa Mu Epsilon included the 
following: 

Mathematics in construction engineering, by Mr. H. Janzer of a local engineer- 
ing firm 

The paradoxes of infinity, by Dr. F. C. Ogg 

The historical development of mathematics, by Prof. Gryting 

Some application of group theory to molecular structure, by Prof. W. E. Singer 

Some practical aspects of mathematics, by Prof. W. F. Cornell. 

Initiations were held in January and in May. 

Officers for 1949-50 are: President, Harry Ling; Vice-President, Gerald 
Carrier; Secretary, Ilona Pohlod; Corresponding Secretary, W. R. Cornell; 
Faculty Advisor, Dr. F. C. Ogg. 


Pi Mu Epsilon, Duke University 


The program of the North Carolina Alpha chapter of Pi Mu Epsilon for the 
school year 1948-49 was: 

Mathematical analysis of mechanisms used in automatic machinery, by Mr. 
John May of Wright’s Automatic Machinery Company. This talk was followed 
by a tour of W. W. Rankin’s Mathematics Laboratory. 

Maxima and minima, by Dr. W. M. Whyburn, Head of the Mathematics 
Department of the University of North Carolina. 

There were 57 new members initiated at the above two meetings. 

The officers elected for 1949-50 are: President, John Putnam; Vice-Presi- 
dent, Edwin Webb; Secretary, Janet Henchie; Treasurer, Charles Gassett; 
Membership Chairman, Pat Collins. 


NEWS AND NOTICES 


EpITtED BY EpitH R. SCHNECKENBURGER, University of Buffalo 


Readers are invited to contribute to the general interest of this department by sending 
news items to Edith R. Schneckenburger, University of Buffalo, Buffalo 14, New York. Items 
must be submitted at least two months before publication can take place. 


TENTH CHRISTMAS MEETING OF THE N.C.T.M. 


The Wichita Mathematics Association will be hosts to the National Council 
of Teachers of Mathematics for the Tenth Christmas Meeting to be held in 
Wichita, Kansas, December 28-30, 1949. Sectional meetings will be held for 
teachers in elementary schools, junior high schools, secondary schools, and col- 
leges. There will be discussion groups on topics related to problems representing 
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various phases of mathematics teaching, film forums on recent films and film- 
strips, and an exhibit of mathematical models, instructional aids and instru- 
ments. In addition, plans are being made to hold a tour of leading industries in 
Wichita. 


PRELIMINARY ACTUARIAL EXAMINATIONS 


The Society of Actuaries has announced the winners of the prize awards 
offered to the nine undergraduates ranking highest on the score of Part 2 of the 
1949 Preliminary Actuarial Examinations. The first prize of $200 was awarded 
to J. W. Moran, Yale University. Additional prizes of $100 were awarded to 
each of the following: Ariel Zemach, Harvard University; J. P. Mayberry and 
A. D. Murch of the University of Toronto; J. D. Lordan, Massachusetts Insti- 
tute of Technology; W. A. White, Dartmouth College; T. P. Farmer, Jr., State 
University of Iowa; D. L. Haakenstad and W. V. Hauke of the University of 
Michigan. 

The Society of Actuaries has authorized a similar set of nine prize awards 
for the 1950 Examinations on Part 2, which is a general mathematics examina- 
tion covering algebra, trigonometry, coordinate geometry, differential and 
integral calculus. Part 1 of the Preliminary Actuarial Examinations is a lan- 
guage aptitude examination. Part 3 is a mathematics examination covering finite 
differences, probability and statistics. 

The 1950 Preliminary Actuarial Examinations will be administered by the 
Educational Testing Service at centers throughout the United States and 
Canada on May 19, 1950. The closing date for applications is March 15, 1950. 
Detailed information concerning the Examinations can be obtained from the 
Society of Actuaries, 208 South LaSalle Street, Chicago 4, Illinois. 


THE TENTH ANNUAL PUTNAM COMPETITION 


The tenth annual William Lowell Putnam Mathematical Competition will 
be held on Saturday, March 25, 1950. This competition, made possible by the 
trustees of the William Lowell Putnam Intercollegiate Memorial Fund left by 
Mrs. Putnam in memory of her husband, is open to undergraduate students in 
universities and colleges of the United States and Canada who have not re- 
ceived a degree. The examination will consist of two parts of three hours each. 
The questions will be taken from the fields of calculus (elementary and ad- 
vanced) with applications to geometry and mechanics not involving techniques 
beyond the usual applications, higher algebra (determinants and theory of 
equations), elementary differential equations, and geometry (advanced plane 
and solid analytic geometry). Any college or university wishing to enter a team 
or individual contestants may secure an application blank from Professor L. E. 
Bush, 112 Albertus Magnus Hall, College of St. Thomas, St. Paul 1, Minnesota, 
by a postcard request. All applications must be filed with the Director not later 
than March 1, 1950. If three candidates are presented from a college or uni- 
versity, they are to constitute a team; if more than three are presented from 


| 

| 

| 

d 


706 MATHEMATICAL ASSOCIATION OF AMERICA [December, 


any one college or university, the team of three must be named on the applica- 
tion. Fewer than three from one college or university may compete as in- 
dividuals. 

The examination may be given at any place where a team, or at least three 
candidates, can be assembled. Exceptions to this rule may be made by the 
Director in cases where it would entail unusual inconvenience to a contestant. 
Sealed copies of the examinations will be sent to the supervisor of the examina- 
tion in time for the examination day and are not to be opened before the hour 
set. 

The prizes to be awarded to the departments of mathematics of the institu- 
tions with the winning teams are $400, $300, $200, and $100, in the order of 
their rank. In addition, there will be prizes of $40, $30, $20 and $10 awarded to 
the members of these teams according to the rank of the team; a prize of $50 to 
each of the five highest contestants and a prize of $20 to each of the succeeding 
five highest contestants. Each of the winners will receive a suitable medal. 
Honorable mention will be given to several teams next in order after the four 
winning teams and to several individuals next in order after the ten individual 
winners. For further encouragement of the Competition, there will be awarded 
at Harvard University (or at Radcliffe College in the case of a woman) an an- 
nual $1500 William Lowell Putnam Prize Scholarship to one of the first five 
contestants, this to be available either immediately or on the completion of the 
student’s undergraduate work. 

Reports on the nine previous competitions and examination questions will 
be found in this MONTHLY for May, 1938, 1939, 1940, 1941, 1942, October, 1946. 
August-September, 1947, December, 1948, and August-September, 1949. 


THE MATHEMATICAL ASSOCIATION OF AMERICA 
Official Reports and Communications 
THE APRIL MEETING OF THE ROCKY MOUNTAIN SECTION 


The thirty-second annual meeting of the Rocky Mountain Section of the 
Mathematical Association of America was held at the Colorado School of Mines, 
Golden, Colorado, April 22 and 23, 1949. There were three sessions with Profes- 
sor I. L. Hebel presiding at each. 

Among the ninety-eight persons who registered were the following forty-nine 
members of the Association: R. V. Anderson, W. G. Brady, Leonard Bristow, 
G. L. Burton, F. M. Carpenter, Nancy V. Cheney, A. G. Clark, G. S. Cook, 
G. A. Culpepper, David DeVol, Mary C. Doremus, W. R. Eikelberger, O. J. 
Falkenstern, F. N. Fisch, Katherine C. Garland, R. H. Glass, H. T. Guard, 
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Leota C. Hayward, I. L. Hebel, H. K. Hilton, Ruth I. Hoffman, LeRoy Holu- 
bar, R. J. Howerton, Burrowes Hunt, J. A. Hurry, C. A. Hutchinson, B. W. 
Jones, A. J. Kempner, Claribel Kendall, A. J. Lewis, M. L. Madison, W. K. 
Nelson, Greta Neubauer, K. L. Noble, O. H. Rechard, A. W. Recht, L. W. Rut- 
land, Nathan Schwid, S. R. Smith, W. N. Smith, L. C. Snively, K. H. Stahl, 
J. M. Staley, J. F. Stockman, E. P. Tovani, V. J. Varineau, W. W. Varner, J. F. 
Wagner, Lillie C. Walters. 

At the business meeting, the following officers were elected for the coming 
year: Chairman, Professor A. J. Lewis, University of Denver; Vice-Chairman, 
Professor A. E. Mallory, Colorado State College of Education; Secretary-Treas- 
urer, Professor J. R. Britton, University of Colorado. 

The program of papers presented was: 

1. The Lill circle, by Professor (Emeritus) W. J. Hazard, University of Colo- 
rado, iniroduced by A. J. Kempner. 


The Lill circle for finding the roots of ax?+-bx-+c =0, mentioned by Maurice d’Ocagne in his 
“Calcul Simplifie et Nomographie” as a special case of a general graphic approximation to the roots 
of the nth degree equation, is here shown to be the X Y-plane section of the paraboloid of which the 
XZ section is the usual parabola plotted from y=f(x) =x*+bx/a+c/a. Both the circle and the 
parabola show the roots of the equation as the points where the X axis pierces the surface of the 
paraboloid. 


2. A four-number game, by Mr. Burrowes Hunt, University of Colorado. 


In Scripta Mathematica (March 1948) Benedict Freedman showed that if from an ordered set 
of four positive integers one forms the set of the absolute values of their differences taken in cyclic 
order, and repeats this process, one arrives at the set 0, 0, 0, 0, in a finite number of steps. Mr. 
Hunt considered the same game for sets of four positive real numbers. The result is that, in general, 
any set of real numbers leads to the set 0, 0, 0, 0, but there is a double infinity of exceptional sets 
all of whose differenced sets consists of positive numbers. If x is the positive root of either of the 
equations x*=1+(x?+x), then the set 0, 1, 1+, vinsn is exceptional, as is any set derived 
from it by replacing each element a by ka ron 


3. Is mathematics practical? by Mr. R. J. Howerton, Regis College. 


The author discussed the question of “pseudo-practicality” of problems in textbooks, and the 
growing tendency for mathematics teachers to be on the defensive with respect to their subject. 
The problem of teaching the “why” of mathematics rather than the “how” from elementary classes 
through college work was discussed. Placing mathematics on a plane with history, psychology, 
literature, and other cultural subjects was proposed. The author maintained that, for the average 
liberal arts college student, mathematics was highly impractical, and that the only true justifica- 
tion for the subject was on a cultural basis. 


4. The construction of a statistical quality control chart and some inter preta- 
tions to be made from it, by Professor J. F. Wagner, University of Colorado. 


The bases of a statistical quality control chart are these: (1) Variation in the manufacture or 
measure of a product quality is to be expected; (2) The data themselves determine the expected 
spread of the data; (3) The control, or action, limits are then set at such values as to minimize, 
economically, the waste of looking for trouble when there is none and not looking for trouble when 
there is some; (4) We shall use the so-called 3¢ limits which include all but about one out of every 
400 variates in the distribution, unless there is a significant departure from normalcy; (5) The 
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occurrence of a point outside the control limits shall then be the signal to look for an assignable 
cause of variation beyond the natural variability of the process. 

With the aid of a table of data and a control chart grid which was distributed to each member 
of the audience, an actual example of this technique taken from industry was discussed. The 
points lying outside of the control limits were identified with their assignable cause. The meaning 
of a run or loss of random scattering of the points on a control chart was presented. 


5. A construction for a monoidal quartic, by Mr. W. G. Brady, University of 
Wyoming. 


In this paper a 4:1 correspondence between the points of two conics is shown to lead toa 
monoidal quartic, and configurations leading to various types of triple points are discussed. 


6. The central limit concept in an elementary course in statistics, by Professor 
H. T. Guard, Colorado A. and M. College. 


The author discussed some of the pedagogical problems encountered in the teaching of ele- 
mentary statistics to students having little mathematical background. Sampling experiments for 
the verification of the central limit theorem were discussed. 


7. Delta-V, a conical shell, by Professor F. M. Carpenter, Colorado School of 
Mines. 


For certain types of volumes of revolution the use of a cylindrical element leads to the correct 
numerical result because of compensating errors. Often an exercise can be analyzed and solved 
correctly in cartesian coordinates by using a conical shell for the element of volume. 


8. Degenerate conics, by Professor A. J. Lewis, University of Denver. 


The author shows some of the elementary methods of determining when the general equa- 
tion of the second degree in two variables will give a degenerate conic. 


9. Linkages in relation to certain aspects of college geometry, by Professor 
M. L. Madison, Colorado A. and M. College. 


The author gave a brief historical sketch of linkages from the time James Watt patented his 
“parallel motion” in 1874. The use of linkwork models, a number of which were exhibited, as aids 
in teaching college geometry, analytic geometry, and plane geometry was discussed. 


10. Materials for teaching mathematical meanings in the elementary school, by 
Professor Lucy L. Rosenquist, Colorado State College of Education, introduced 
by A. E. Mallory. 


The mathematical meanings that need to be taught in the elementary school are the various 
relationships between “groups.” These groups are the chance groupings met in everyday experi- 
ence, and the standard groupings of our number system. The processes of addition, subtraction, 
multiplication, and division are methods of changing chance groupings into standard groupings. 
Children learn to handle groups with progressively more mature methods as their understanding 
of groups and group relationships develops. Concrete materials which aid in developing this 
understanding should have the following characteristics: (1) Compact contours; (2) Patterned 
arrangement, or capability of being easily arranged in patterns; (3) Freedom from elements that 
embed the number ideas. These materials are not to be used as demonstration materials by the 
teacher. Pupils should have opportunities to manipulate materials in discovering solutions to their 
problems, and in recognizing constant relationships between groups. The explanation of these 
individual discoveries to the class affords opportunity for clarification of the ideas, and stimulates 
insight into the meaning of the number system and the computational processes. 
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11. Looking backward and forward, by Professor A. J. Kempner, University 
of Colorado. 


After the program of papers, a joint meeting was held with the Mathematics 
Section, Eastern Division, Colorado Education Association. There were raised 
problems relating to the reorganization of mathematics training in the schools 
of Colorado. Later, a panel, consisting of representatives from elementary, sec- 
ondary, and college levels attempted to give solutions to these problems. 

W. K. NELson, Acting Secretary 


THE APRIL MEETING OF THE KANSAS SECTION 


The thirty-fourth annual meeting of the Kansas Section of the Mathematical 
Association of America was held at Kansas State College in Manhattan, on 
Saturday, April 2, 1949. Sessions were held in the morning and afternoon. Pro- 
fessor R. G. Sanger presided at these sessions. The morning session was a joint 
meeting with the Kansas Association of Teachers of Mathematics. 

The attendance was one hundred fifty-five including the following forty-two 
members of the Association: Sister M. Nicholas Arnoldy, R. W. Babcock, Wealthy 
Babcock, Florence L. Black, Frances N. Breneman, Virginia L. Chatelian, 
W. R. Cowell, L. E. Curfman, Lucy I. Dougherty, Paul Eberhart, Walter 
Fleming, Albert Furman, W. H. Garrett, Laura Z. Greene, Edison Greer, J. R. 
Hanna, K. C. Hsu, Emma Hyde, W. C. Janes, L. E. Laird, C. F. Lewis, Anna 
Marm, Margaret E. Martinson, Thirza A. Mossman, E. P. Northrop, S. T. 
Parker, P. S. Pretz, G. B. Price, O. M. Rasmussen, C. B. Read, C. A. Reagan, 
L. M. Reagan, R. G. Sanger, G. W. Smith, R. G. Smith, W. T. Stratton, C. B. 
Tucker, Gilbert Ulmer, E. B. Wedel, A. E. White, Ferna E. Wrestler, P. M. 
Young. 

At the business meeting the following officers were elected for next year: 
Chairman, R. G. Smith, Kansas State Teachers College; Vice-Chairman, L. M. 
Reagan, University of Wichita; Secretary-Treasurer, Anna Marm, Bethany 
College. 

The following papers were presented: 

1. The role of mathematics in general education, by Professor E. P. Northrop, 
College of the University of Chicago. 

The speaker deplored the fact that teachers of mathematics, in attempting to formulate courses 
within a program of general education, are in the habit of thinking in terms of subject-matter 
(content) alone, or at most of deriving ends (aims, objectives) from subject-matter. He pointed to 
general lack of agreement among teachers concerning what subject-matter is most appropriate, 
and expressed skepticism of the meaningfulness of courses constructed from the standpoint of sub- 
ject-matter. He proposed an approach to the problem through initial consideration of ends—of the 
kinds of abilities and understanding the student ought to acquire from a general education. He 
listed those ends which he regarded as important and which he felt could best be achieved through 
the study of mathematics, and pointed out that at least some of them could be served equally well 


by alternative choices of subject-matter. Briefly put, the speaker argued for an ends-to-means 
rather than a means-to-ends (or means alone) approach to the formulation of mathematics courses 
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for general education. He confessed, however, to a belief that ends, subject-matter, and method of 
presentation must ultimately be considered together. 


2. Some famous problems of modern mathematics, by Professor G. B. Price, 
University of Kansas. 


This paper contains an account of Waring’s problem, the four color problem, the Jordan curve 
theorem, and the problem of Plateau. It is illustrated with various models and demonstrations, 
including paper and rubber models of surfaces, a map on a torus requiring seven colors for its color- 
ing, and soap film models for the problem of Plateau. The four problems are used to emphasize the 
great progress that has taken place in mathematics in recent times, to illustrate the nature and 
source of problems in mathematics, and to point out the difference between a proof in mathe- 
matics and a proof in physics. 


3. A problem in thermodynamics, by Boris Leaf, Kansas State College, intro- 
duced by the Secretary. 

A mathematical formalism extending the treatment of J. Willard Gibbs on equilibrium of 
heterogeneous systems to partial chemical systems is described, a partial system being the sub- 
stance of a particular chemical species in an infinitesimal region of matter, considered as a con- 
tinuum. The results of the treatment indicate that each chemical species at a given density and 
temperature should have the same thermodynamic properties independent of the presence of other 
species. 

4. Notes on plane cubic curves, by Laura Z. Greene, Washburn Municipal 
University. 


The paper was a discussion of the condition necessary to determine a third degree curve, and 
of the double points that may arise. 


5. Evaluation of a complex improper integral, by Walter Fleming, Fort Hays 
Kansas State College. 


The present paper deals with the evaluation of the integral 


1 
(1) H(u) = Vie f see v= 
This integral arises in the evaluation of double Wiener integrals. It is found that (1) can be ex- 
pressed in terms of 6-functions (Whittaker and Watson, Modern Analysis, p. 464) as follows: 


(2) H(u) = 6,'(0, = Vine u>0 
H(u) = 0, u<0 
where 
Finally it is established that for small values of R 


and that for large values of R 


(4) )d 4 
u)du~ —e 
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The left member of (3) gives the measure of the set of points (x, y) in double Wiener space such 
that 


([x(t) + [y(t) }*)dt < R*. 


6. Requirements for a Bachelors Degree with a major in mathematics, by Sister 
M. Nicholas Arnoldy, Marymount College. 


A comparative study of the requirements of the twenty-one Kansas colleges granting Bachelor 
of Arts and Bachelor of Science degrees with a major in mathematics was made. The report stated 
the total number of semester hours of mathematics, as well as the semester hours above the calculus, 
required for mathematics majors. The semester hours of science that a person majoring in mathe- 
matics is expected to earn was also given. The Kansas colleges are quite uniform in the require- 
ments in mathematics but differ in the science requirements. 


7. Proof by contradiction, by S. T. Parker, Kansas State College. 


This paper dealt with the classic “reductio ad absurdum” method of proof. Several references 
were made to A Mathematician’s Apology by G. H. Hardy, with emphasis on the desire for sim- 
plicity, power, and generality. Illustrations included the proof that there are infinitely many primes, 
and that 4/2 is irrational. It was also shown that certain recurrence formulas give all the solutions 


of the Pellian equation x? =3y?+1. 


ANNA Secretary 


CALENDAR OF FUTURE MEETINGS 


Thirty-third Annual Meeting, New York City, December 30, 1949. 
International Congress of Mathematicians, Cambridge, Massachusetts, 


August 30-September 6, 1950. 


The following is a list of the Sections of the Association with dates of future 
meetings so far as they have been reported to the Secretary. 


ALLEGHENY MounrtTAIN 

Southern Illinois University, Carbon- 
dale, May 12-13, 1950. 

INDIANA, Wabash College, 
April 29, 1950. 

Iowa, State University of Iowa, Iowa City, 
April 21-22, 1950. 

Kansas, Spring, 1950. 

Kentucky, University of Kentucky, Lexing- 
ton, April 29, 1950. 

Centenary College, 
Shreveport, Louisiana, Spring, 1950. 

MARYLAND-DIsTRICT OF COLUMBIA-VIRGINIA, 
Fall, 1949. 

METROPOLITAN NEw York, Spring, 1950. 

MIcHIGAN, March, 1950. 

Minnesota, Macalester College, St. Paul, May 
6, 1950. 

Missour!, Spring, 1950. 

NEBRASKA, Nebraska Wesleyan University, 
Lincoln, May 6, 1950. 


Crawfordsville, 


NORTHERN CALIFORNIA, Berkeley, January 28, 
1950. 

Ou10, Denison University, Granville, April 22, 
1950. 

OKLAHOMA 

PaciFic NorTHWEST, University of Washing- 
ton, Seattle, June, 1950. 

PHILADELPHIA 

Rocky Mounraln, University of Denver, April, 
1950. 

SOUTHEASTERN, University of Florida, Gaines- 
ville, April 7-8, 1950. 

SOUTHERN CALIFORNIA, Immaculate Heart 
College, Hollywood, March 11, 1950. 

SOUTHWESTERN, Spring, 1950. 

Texas, Abilene, Spring, 1950. 

Upper NEw STATE, Syracuse University, 
Spring, 1950. 

WiIsconsIN, Marquette University, Milwaukee, 
May, 1950. 


| 
| 
| 
d 
| 
| 


INDEX TO VOLUME 56, 1949 


THE AMERICAN MATHEMATICAL MONTHLY 
By L. J. GREEN, Case Institute of Technology 


BELL, E. T. A diophantine equation, 1-4. 

Das, R. C. On Bose numbers, 87-89. 

JARDEN, Dov. Arithmetical properties of sums 
of powers, 457-461. 

Jones, B. W. The composition of quadratic 
binary forms, 380-391. 

LEHMER, D. H. On the converse of Fermat’s 
Theorem II, 300-309. 

Lotan, Mosue. A problem in difference sets, 
535-541. 

Mirsky, L. The number of representations of 
an integer as the sum of a prime and a k- 
free integer, 17-19. 

SMILEY, M. F. The rational canonical form of a 


Bour, HARALD. On almost periodic functions 
and the theory of groups, 595-609. 

Britton, J. R. Modern operational calculus for 
undergraduates, 295-300. 

DE Cicco, JoHN. Functions of several complex 
variables and multiharmonic functions, 
315-325. 

FASENMYER, SISTER MAry CELINE. A note on 
pure recurrence relations, 14-17. 

FRAME, J. S. An approximation to the quotient 


Burincton, R. S. On the nature of applied 
mathematics, 221-242. 
CarRIER, G. F. The spaghetti problem, 669- 


i a. T. R. Notes on quartic curves, 165— 
170 


Court, N. A. A special tetrahedron, 312-315. 
SANDHAM, H. F. A generalization of Feuer- 


Boyer, C. B, Newton as an originator of polar 
coérdinates, 73-78. 

Busn, L. E. The William Lowell Putnam math- 
ematical competition, 448-452. 

Coo.ipGE, J. L. The story of the binomial 
theorem, 147-157. 

Hicerns, T. J. Biographies and collected works 


712 


GENERAL MATHEMATICAL PAPERS 


Clarification, vol. 55, 307. 
ALGEBRA, NUMBER THEORY 


matrix II, 542-544. 

STOLL, R. R. Equivalence relations in algebraic 
systems, 372-377. 

THEBAULT, Victor. Concerning two classes of 
remarkable perfect square pairs, 443-448. 

Taussky, OLGA. A recurring theorem on deter- 
minants, 672-676. 

Topp, ae Aproblem on arc tangent relations, 
517-528. 


UnpERWwoop, R. S. Some applications of ex- 
tended analytic geometry, 158-164. 

VinoGRADE, B. An application of Newton's 
power-sum formulas, 377-379. 


ANALYSIS 


of gamma functions, 529-535. 

HumMMEL, P. M. and SEEBECK, C. L., JR. A gen- 
eralization of Taylor’s expansion, 243-247. 

MENGER, Kart. Are variables necessary in cal- 
culus? 609-620. 

SEEBECK, C, L., Jk. See HUMMEL, P. M. 

STALLEY, RoBERT. A generalization of the geo- 
metric series, 325-327. 

THIELMAN, H. P. On generalized Cauchy func- 
tional equations, 452-457. 


APPLIED MATHEMATICS 


672. 
VALENTINE, F. A. The motion of a sliding hori- 
zontal hoop, 79-87. 


GEOMETRY 


bach’s theorem, 620-622. 
THEBAULT, Victor. On the Monge point of the 
tetrahedron, 4-13. 


PEDAGOGY, HISTORY 


of mathematicians—addenda, 310-312. 
OakLeEy, C. O. Mathematics, 19. 
PHALEN, H. R. Hugh Jones and octave compu- 
tation, 461-465. 
RICHTMEYER, C. C. A program of information 
for prospective college students, 90-91. 
WHITTAKER, StR EpMuND. Laplace, 369-372. 


1 
4 
A 
| 
| 


1949] 


INDEX TO VOLUME 56, 1949 


713 


MATHEMATICAL NOTES 


Edited by E. F. BECKENBACH, University of California, Los Angeles, and Institute for Numerical 
Analysis of the National Bureau of Standards 


AGNEW, R. P. and Boas, R. P. An integral test 
for convergence, 677-678. 

ARNOLD, B. H. A topological proof of the funda- 
mental theorem of algebra, 465-466. 

——— and Eves, Howarp. A simple proof 
that, for odd p>1, arc cos 1/p and = are 
incommensurable, 20-21. 

BERNHARD, H. A. On the least possible odd per- 
fect number, 628-629. 

Best, G. C. Notes on o Graeffe method of 
91-94 

Boas, R. P. See AGNEW, R.P. 

aang oe P. A. Congruences for sets of primes, 
23-25. 

DitwortH, R. P. Note on the strong law of 
large numbers, 249-250. 

EpmMunpbson, H. P. An operator approach to 
matrix theorems, 392-394. 

Erpés, P. On the converse of Fermat’s theorem, 
623-624. 


Eves, Howarp. See ARNOLD, B. H. 

GouHEEN, H. E. On a lemma of Stieltjes on ma- 
trices, 328-329. 

HararRy, FRANK. On the algebraic structure of 
knots, 466-468. 

KLEE, V. L., JR. On a problem of Erdds, 21-22. 

characterization of convex sets, 247- 

49, 

note on Fermat’s congruence, 

KNEBELMAN, M. S. The Wronskian for linear 
differential equations, 252-254. 

LENG, SEN-Minc. A theorem on positive defi- 


nite matrices, 397-398. 

MENGER, Kar, Self-dual fragments of the or- 
dinary plane, 545-546. 

Moser, LEo. Some equations involving Euler's 
totient function, 22-23. 

, theorem on the distribution of 
primes, 624-625. 

Oaitvy, C. S, Geometry of the square root of 
three, 172-174. 

PaRKER, S. T. Summable series and integral, 
678-681. 

Pars, L. A. An elementary proof of Stickel’s 
theorem, 394-396. 

Rosinson, R. M. A note on linear equations, 

51 


STELSON, H. E, Note on the approximate solu- 
tion of an oblique triangle without tables, 
4-95 


Swirt, J. D. Diophantine equations connected 
with the cubic Fermat equation, 254-256. 

THEBAULT, Victor. Consecutive cubes with 
difference a square, 174-175. 

. On the Feuerbach points, 546-547. 

Frjyes. On the densest packing of 
spherical caps, 330-331. 

WALL, H. S. Note on a periodic continued frac- 
tion, 96-97 

Warp, Moreav. A generalized integral test for 
convergence of series, 170-172. 

WAYNE, ALAN. Fermat’s equation and Tsheby- 
sheff’s polynomials, 626. 

ZIMMERBERG, H. J. The adjoint of Euler’s lin- 
ear differential operator, 332-334 


CLASSROOM NOTES 
Edited by C. B. ALLENDOERFER, Haverford College 


ALLENDOERFER, C. B. Coordinate systems pro- 
jected on blackboards, 629-630. 

Burton, L. J. The laws of sines and cosines, 
550-551 


and Heppers, E. A. Proofs of the addi- 
tion formulae for sines and cosines, 471— 
3 


Cor, C. J. and Rarnicu, G. Y. Fundamental 
identity of vector algebra, 175-176. 

Court, L. M. A note on a method of Lord Ray- 
leigh, 547-550. 

Curry, H. B. Certain basic theorems on linear 
differential equations, 398-402. 

Densow, C. H. A note on differential equa- 
tions, 683-684. 

DowninG, H. H. Sums of sines converted into 
numerical sums, 630-631. 

Frame, J. S. Continued fractions and matrices, 
98-103 


HEDBERG, E. A. See Burton, L., J. 
H. F. Logarithmic integration, 25— 


MILLER, NorMAN. The problem of a non-van- 
ishing girder rounding a corner, 177-179. 


Ocitvy, C. S, Mathematical vocabulary of be- 
ginning freshmen, 261-262. 

eg Remarks on integration by parts, 

PALL, wee Limits by “consecutive ration- 
als,” 6 82-683. 

PHELPS, C R. “Integration by parts” as a 
method in the solution of exact differential 
equations, 335-337. 

—_ G. With, or without, motivation?, 684— 

1. 


Rarnicu, G. Y. See Cor, C. J 

Ransom, W. R. Solutions of a trigonometric 
equation, 402-403. 

Rusin, HANAN. Finding the equation of the cir- 
cle through three points, 334-335. 

Suita, H. W. Some integral formulas, 27-28. 

STELSON, H. E. The rate of interest in install- 

ment Wek Py plans, 257-261. 

TALBOT, Pythagorean triples, 402. 

THOMSEN, . L. Mean and ordinary conver- 
gence hy a sequence of functions, 469-471. 

Woop, F. E. Derivation of the tangent half- 
angle formula, 103. 


| 
| 
| | 


714 INDEX TO VOLUME 56, 1949 


PROBLEMS AND SOLUTIONS 


Edited by Howarp Eves, Oregon State College, and E. P. STaRKE, 
Rutgers University 


CORRECTIONS 
Numbers in blackface type refer to problems, those in lightface to pages. 
E-799, 104-105; E-798, 180; E-847, 179; 4352, 479. 


AUTHORS 


Numbers refer to pages, blackface type indicating a problem solved and solution published; 


italics, a problem solved, but the solution not published; ordinary type, a problem proposed. 


Aissen, Michael, 110, 111, 265, 266. 

Andree, Josephine, 691 

Andree, R. V., 37, 266, 478, 691. 

Andree’s, R. V., engineering calculus class at 
the University of Wisconsin, 265. 

Andree’s, R. V., freshman engineering class at 
University of Wisconsin, 407. 

Anselone, Philip, 342. 

Aude, H. T. R., 341, 552. 

Bagemihl, F., 265, 407. 

Ballantine, F. W., 267. 

Ballantine, J. P., 640, 691. 

Barbour, Murray, 105, 109, 111, 181, 185, 185, 
191, 267, 407, 408. 

Barlaz, Joshua, 273, 412, 424. 

Bateman, P. T., 43, 45, 192, 338, 418, 639. 

Beck, W. R., 478. 

Becker, H. W., 348, 697. 

Beesack, P. R., 340, 342, 410. 

Bellman, Richard, 191 

Berkofsky, Louis, 407, 478, 593; 035. 

Berry, E. M., 408. 

Best, Sheldon, 407. 

Bird, M. T., 424, 

Bissinger, Barney, 111, 265. 

Blanchard, René, 116, 558. 

Blyth, Colin, Jr., 418,, 419, 424, 426. 

Boas, R. P., Jr., "34 , 640. 

Boldyreff, A. W., or 

Bornmann, W. 

Bouvaist, R., 41, ii, 7186, 345, 346, 416, 696. 

Boyce, Fannie, 4 

Brady, W. G., 37, o7 475, 478, 635. 

Bram, Joseph, 348, 422, 

Brauer, Alfred, 418. 

Breen, Walter H., 105, 109. 

Breusch, Robert, 43, 485, 561. 


Brixey, J. C., 267. 
Brock, Paul, "105, "108, 109, 181. 
Brown, A. R. , Jr. 3 40, 342. 


Brown, B. H., 182. 

Browne, D. H., 267, 268, 342, 418, 426, 475, 478, 
635. 

Bruck, R. H., 43. 

Buck, R. C., 43, 105, 

Buker, W. E., 3 407, 8, 553, 693. 

Burke, P. J., 

Burton, L. pe 788, 265, 266, 267, 338, 339, 340, 
342, 342, 406, 406, 407, 407, 408, 409, 410, 
412, 413, 473. 

Buschman, Robert, 265, 409. 

Byrne, W. E., 105, 106, 109, 110, 181. 


Campbell, W. B., 118, 560. 

Carnahan, Paul, 475, 634. 

Chase, L. R., 553. 

Cheng-Chung, Hwang, 347, 485. 

Cherry, I. J., 339. 

Cherry, W. J., 339, 407. 

Chessin, P. L., 105, 267, 475, 478, 632. 

Clarke, W. B., 407. 

Clayton, R. L., 407. 

Clement, P. A., 190, 418, 426, 561. 

Cohen, A. C., Jr., 407 

Cohen, I. S., 422. 

Cothran, F. E., 108. 

Court, N. A., 45, 414, 420. 

Courter, Richard, 340, 342, 410. 

Crain, K. W., 406. 

Crane, R. E., 342, 418. 

Cromelin, John, 408. 

Darling, D. A., 343, 

Davis, H. ‘of 422. 

Day, A. S:; 266, 267, 406. 

Dernham, ‘Monte, 32, 33, 105, 111, 408, 478, 
558; 636. 

Dietrich, V. E., 407. 

Douglas, William, 33, 181, 407, 408, 553, 693. 

Dresher, Melvin, 

Dressler, B. 407, 410, 636. 

Duarte, F. J., 

Dubisch, Roy, 4104, 105, 267, 340, 554. 

Dunn, Maurice, 340. 

Dybvik, Ragnar, 108, 181, 265, 340, 342, 406, 
475, 478, 553, 633, 693. 

Eaves, J. 105. 

Ehrlich, 407, 409. 

Epstein, 

Erdés, Paul, to, “tia, 187, 192, 343, 414, 479, 
480, 557, 561, 637, 695. 

Ericksen, 339, 475, 692, 693. 

Eulenberg, M. D., 478. 

Eves, Howard, 271. 


Fan, Ky, 69 
Farnell, A. B., 421. 
Feld, J. M., 181. 


Feldman, Jacob, 554. 

Fender, F: G., 118. 

Fettis, H. E., 485. 

Field, S. E., oe 

Finan, 1 E. J. 

Fine, N. J., 43; "45, 119, 191, 273, 407, 410, 634, 
691. 


Finkel, Daniel, 185, 267. 
Flanders, Harley, 475. 


[December, 


| 
’ 


1949] 


Fleming, Walter, 108, 338. 

Fort, M. K., Jr., 424 

Frame, J. S., 419. 

Frankel, E. T., 348. 

Frankel, R. W., 37. 

Franklin, Philip, 347, 485. 

French, R. O., 485. 

Frink, Orrin, 31, 39, 186, 474, 637. 
Fulks, W., 267, 340, 342, 410, 474. 
Gaddum, W., 272. 

Gehman, H. M., 267. 

Gilman, R., 632. 

Gold, B. K., 340, 342, 407. 
Golomb, Michael, = 632. 
Goodman, A. W., 

Gould, H. E 

Gould, S. fi 406, 420. 

Graves, W. a 

Greenleaf, H. 478. 

Grogan, Martha, 105. 

Grossman, H. D., 632. 
Gunderson, N. G., 110, 4 

Gustin, William, 110, tel, 191, 273, 424, 561. 
Hadnot, B. F., 265. 

Halmos, Paul, 271. 

Hamilton, H. J., 31, 424, 477. 
Harary, Frank, 181, 407. 
Harrington, W. J., 485, 561. 
Harton, R. E., 37. 

Haslam, M. B., 266. 

Hausmann, B. -. 105, 108, 109, 181. 
Hedge, L. B. , 407. 

Herlihy, Frank, ag! 482, 485, 561. 
Herriot, J. G., 485. 
Herschfeld, 45. 


Herzog, Fritz, 32, 42, 183, 264, 272, 347, 404, 


424, 484, 485, 561, 640, 640. 
Heyda, J. F., 342, 410. 
Highberg, I. E., 484. 

Hochstadt, Harry, 265. 
Hoffmann, Banesh, 407. 
Hofler, E. a, 106. 

gatt, Maa 262, 478, 693. 

e, O. 
Holen C. H., 478. 

Hood, R. es 339, 340, 342, 342, 478, 636. 
Hopkins, Albert, ‘478. 


Horton, R. E., 262, 407. 
Hostetter, I. M., 404. 
Hsii, Hsien-yii-, ‘422. 
Hsu, be 


Itkin, Sarl, 3 

Ivanoff, V. ‘411 

Jamison, Free, 418, 419, 420, 556, 561. 
Jasper, S. J., 342, 407. 

Kaplansky, 269. 

Katz, S., 485. 

Kelly, L. M., 270, 339, 407, 407. 
Kennison, L. 33. 

Kingston, J. M., 340, 342. 

Kirmser, P. G., 556. 

Klamkin, M. =. 110, 111, 192, 265, 266, 267, 347, 


INDEX TO VOLUME 56, 1949 715 


422, 424, hag ee. 485, 556, 634, 636, 693. 

Klee, V. L., 

Knebelman, M. 179, 692. 

Kocher, Frank, 340. 

Krause, Bill, 478. 

Kravitz, Sam, 181, 478. 

Kravitz, Sidney, 33, 37. 

Kuiper, N. H., 424. 

Lane, N. D., 478, 636, 692, 693. 

Lang, B. G., 348. 

Langr, Joseph, 474, 478. 

Larsen, H. D., 267, 

Lawrence, J. N. \ 

Lee, H. 111, 412, 478. 

Leeds, B. R., 105, 181. 

Lehman, R. 342. 

Lehner, 

Leifer, H. "105, 478. 

LeLeiko, Max, 185. 

Lessard, Roger, 33, 37, 37, 39, 105, 108, 109, 
110, 111, 185, 185, 191, 265, 266, 267, 339, 
340, 342, 342, 407, 407, 408, 409, 410, 412, 
413, 419, 422, 426, 475, 478, 553, 555, 559, 
561, 635, 636, a 

Ls Jerome 

Li, Ou, 46, 269, Wo "419, 420, 422. 

Li, Shih- fang, 191. 

Lieblein, Julius, 37, 267, 340, 342. 

Lipsich, H. D., 340, 342. 


Luan, Yu-shu, 348, 418, 641. 

Lukacs, By 640. 

Lundholm, Jere, 478. 

Lynch, R. V. B., 478. 

Macon, Nathaniel, 105. 

Madden, Marie, 407. 

Marlow, W. H., 485. 

ea C. B., Jr., 266, 267, 339, 340, 475, 
4 


Marsh, Donald, 407, 409, 410. 

Matlack, D. W., 33, 37, 105, 181, 339, 412. 

May, Kenneth, 409 

McColl, Alta, 478. 

McDonough, J. R., 105. 

McEwen, W. R., 342. 

McGravock, W. 265. 

McKinsey, J. C. C., 693. 

McLachlan, Eugene, 407. 

McWilliams, R. D., 407. 

Mendelsohn, N. S., 4 187, 263, 343. 

Merriman, G. M. ‘108. 

Meserve, B. E., 266, 267. 

Michalup, Eric, 

Miksa, F. L., 33, 267, 426. 

Milgram, Martin, 111. 

Miller, J. C., 38. 

Miller, Norman, 108, 110, 181, 265, 407, 409, 
424, 485, 640, 692, 693. 

Moser, Leo, 31, 37, 37, 45, 108, 109, 110, 111, 
180, 180, 181, 185, 185, 262, 265, 266, 266, 
341, 342, 403, 405, 406, 407, 407, 408, 409, 
418, 419, 420, 422, 426, 475, 477, 478, 478, 
561, 632, 693, 693, 694, 

Mosesson, Z. I., 342. 

Newell, C. R., 324. 

Newhouse, Albert, 31, 477. 


|| 
orne, B. C., Jr., 
uff, G. B., 408. 


716 INDEX TO VOLUME 56, 1949 


Newman, D. J., 557. 

Novikoff A., 423. 

Odland, Leola, 408. 

Ogilvy, C. S., 37, 104, 109, 111, 181, 265, 265, 
339, 341, 342, 404, 407, 407, 408, 475, 478, 
553, 555, 561, 693. 

Olds, C. D., 269, 418, 485, 555, 640. 

Olmsted, Margaret, 110, 111, 181, 185. 

Orlin, C. S., 341, 413. 

Pao, Wong Foh, 483. 

Parker, F. D., 265, 267. 

Parker, S. T., 37, 37, 108, 109, 109, 185, 265, 
a. 342, "407, 408, 409, 410, 422, 424, 475, 

692. 


Parker, W. V., 185. 

Payne, Mary, "478, 484, 561, 693. 

Peeples, W. D., Jr., 105. 

Peiser, A. M., 45, 485. 

Pennell, W. O., 263, 407, 553. 

Phelps, C. R., 191, 561. 

Pinzka, C. F., 341, 342, 407, 409, 410, 410, 417, 
475, 478, 693. 

Piranian, George, 424, 

Piza, P. A., 109, 479. 

Pélya, G., 43, 273. 

Ponds, J. W., 478. 

Raine, P. W. A., 478. 

Rainville, E. D., 635. 

Ramler, O. J., 113. 

Rankin, Eleanor, 105. 

Ransom, W. R., 111, 339, 403. 

Rasmussen, O. M., 407. 

Rector, R. W., 108 

Reich, Edgar, 347. 

Reschovsky, Helene, 347, 348. 

Reynolds, J. B., 424. 

Reynolds, T. L., 37, 105. 

Rhodes, A, P., 181. 

Richtmeyer, é. C., 181, 407, 478. 

Rickard, L, E., 339. 

Ringenberg, A., 266, 267. 

Rosenbaum, Joseph, 31, 104, 181, 267, 338, 422, 
424, 475, 553, S56, 557, 637. 

Rosenberg, Alex, 266, 267, 408, 475. 

Rosenfeld, Azriel, 475, 478, 553, 636, 692, 693. 

Rosenthal, Arthur, 265. 

Rousseau, M. A., 419. 

Rubin, Hanan, 561. 

Sandham, H. F., 46, 109, 112, 344, 414, 485, 695 

Sandwick, OF M., 267, 341, 342, 342, ‘408, 410, 
412, 475, 478, 552, 553, 636, 693. 

Santalé, L. A, 270. 

Saunders, F, W., 105. 

Scheffé, Henry, 179, 693. 

342. 


Schell, E. 

Schmitt, W. E., 478. 

Scholomiti, 342, 478, 553, 553. 
Seidel, W., 424. 

Shoemaker, W., 478. 

Simester, J. H., 108, 110, 485. 


[December, 


Sisk, A., 181, 339 


Smith, O. D., 339, 556. 

Smith, ee "485. 

Smith, W. D., 40 

Snapper, Joan, 342. 

Stalley, Robert, 341, 479. 

Stapp, M. C., 553. 

Starke, E. P., 263, 552. 

Stephens, R. P., 108, 111, 180, 263. 

Stevenson, Guy, 420, 422. 

Stewart, 181, 478. 

Stone, W. M 

Struyk, 

Su, Sieh, 108, 181. 

Szasz, O., 347, 639. 

Talbot, W. R., 267, 341, 342, 408, 475, 478, 553. 

Tan, Kaidy, 180, 473, 478, 553. 

Thébault, Victor, 39, 104, 112, 113, 114, 185, 
187, 190, 263, 269, 344, 404, 4/0, 414, 416, 
416, 418, 479, 480, 480, 481, 552, 635, 637, 
638, 691, 695. 

Thomas, P. D., 45, 266, 267, 338, 339, 407, 408, 
412, 478, 553. 

Thompson, S. T., 341. 

Thompson, W. I., 407. 

Thornton, H. B., 478. 

Todd, John, 555. 

Toth, L. Fejes, 692. 

Trigg, C. W., 31, 33, 105, 108, 108, 111, 180, 
181, 185, 267, 339, 341, 342, 342, 407, 407, 
408, 409, 410, 412, 413, 418, 478, 552, 552, 
554, 632, 632, 693. 

Trost, E. W., 267, 342, 561. 

Tytun, Alex, "406, 407, 

Ulrich, G. E., 691. 

Underwood, F., 422, 484. 

Ungar, Peter, 423, 474. 

Vance, E. H., 407, 478. 

Van Voorhis, W. R., 267, 342. 

Vuylsteke, A. A., 478. 

Walker, G. W., 561. 

Walker, 408. 

Walker, Lila, 554. 

Walker, R. ae 33, 39, 39, 268. 

Wall, D. D., 112. 

Walter, Don, 409. 

Walton, C. B., 485. 

Wang, Chih-Yi, 418, 419. 

Wayne, Alan, 412, 554. 

Whitbeck, W. F., 

Wilansky, Albert, 414, 695. 

Willerding, Margaret, 407, 

Willey, Maud, 407, 478. 

Williams, G. A., 478, 554. 

Winter, 407. 

Wood, -E., "424, 637. 

Woods, Roscoe, 346, 978, 553, 554. 


SOLUTIONS 
Numbers in blackface type refer to problems, those in lightface to pages. 


E-812 


32-33, 632-633. E-813, 33-37. E-814, 
38. E-815, 38-39, E-816, 105-106. E- 


817, 106-108. E-818, 108-109. E-819, 109- 
110. E-820, 180-182. E-821, 182-185. E- 


is 


— 


1949] INDEX TO VOLUME 56, 1949 717 


822, 110-111. E-823, 185. E-824, 263-265. 
E-826, 265-266. E-827, 266-268. E-828, 
404-406. E-829, 406. E-830, 185-186. E- 
831, 406-407. E-832, 407-408. E-833, 
408-409. E-834, 409. E-835, 409-410. E- 
836, 339. E-837, 340-341. E-838, 341-342. 
E-839, 342. E-840, 410. E-841, 410-412. 
E-842, 412. E-843, 412-413. E-844, 474- 
475. E-845, 475-477. E-846, 477. E-847, 
477-478, E-848, 478. E-849, 552-553. E- 
851, 553-554, E-852, 554-555, E-853, 555- 
556. E-854, 633-635. E-855, 635-636. E- 
856, 636. E-857, 692-693, E-858, 693-694. 
E-860, 694. 3649, 414-415. 3731, 40-41. 
4196, 113-114. 4197, 416. 4200, 41-42. 
4201, 114-117. 4204, 480-481. 4206, 187- 


189. 4208, 117-118. 4218, 344-345. 4219, 
416-417. 4224, 345-346. 4228, 638. 4233, 
481-482. 4234, 557-558. 4245, 189-190. 
4248, 696-697. 4249, 118-119. 4252, 42-43. 
4255, 43-45. 4256, 45-46. 4257, 190-191. 
4258, 46-47. 4259, 191-192. 4260, 269-270. 
4262, 270-271. 4263, 271-273. 4264, 273. 
4267, 417-418. 4268, 192. 4269, 418-420. 
4270, 420. 4271, 420-421. 4272, 421-422. 
4273, 422-423. 4274, 346. 4275, 346-347. 
4276, 347-348. 4277, 697-699. 4278, 423- 
424, 4280, 424-426. 4281, 426. 4282, 482- 
484. 4283, 484-485. 4284, 558-560. 4285, 
560-561. 4286, 485. 4287, 561. 4290, 639- 
640. 4291, 640-641. 


RECENT PUBLICATIONS 
Edited by E. P. VANcE, Oberlin College, and H. P. Evans, University of Wisconsin 


NEW BOOKS RECEIVED 
51, 124, 195, 281, 353, 431-432, 489-490, 567, 647. 


REVIEWS 
Names of authors are in ordinary type, those of reviewers in capitals. 


Adams, D. P. See Douglass, R. D. 
—_ R. C. Mathematical Table Makers. 
H. D. LaRsEN, 352. 

Blanc, ‘Charles. Les Equations Differentielles de 
la Technique. NORMAN LEvinsoN, 430-431, 

Brilla, Mary H. The Outlook for Women in 
Mathematics and Statistics) H. M. Gen- 
MAN, 121-122. 

Britton, J. R. and Snively, L. C. Algebra for 
College Students. R. A. Goon, 195. 

Ch Gyr Cours de Mécanique Rationelle. 

HACKER, 646-647. 

Cohen, M. R. and Drabkin, I. E. A Source Book 
in Greek Science. S. H. GouLp, 426-428. 

Curtiss, D. R. and Moulton, E. J. Essentials of 
Analytic Geometry. R. H. BARDELL, 48-49. 

Douglass, R. D. and Adams, D. P. Elements of 
Nomography. J. M. THomas, 50-51. 

Douglass, R. D. and Zeldin, S. D. Calculus and 
Its P. M. HumMEL, 122-123. 

Drabkin, I. E. See Cohen, M. R. 

W. Higher Algebra. Louts WEISNER, 

Solid Geometry. L. D. RODABAUGH, 


Fuller ee. College Algebra. W. R. HutcH- 
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ARNOLD, L. G., M.A.(Michigan) Grad. Student, Univ. of Michigan, Ann Arbor, Mich. 1714 
Saratoga Ave., Cleveland 9, Ohio 
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—— 2 = JR., M.S. (Louisiana) Asst. Prof., Loyola Univ., New Orleans 15, La. 2900 
alhoun St. 
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Van BERGEN, ae E., Sc.D. (Brussels) Teacher, Royal Athenaeum of St. Niklaas, Belgium. 
16 Spoorwe laan, St. Ntklaas-Waas, Belgium 
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VARNER, B.S. (Colorado) Instr., Univ. of Colorado, Boulder, Colo. 1075 Eleventh St. 
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.M.(Northwestern) Asso. Prof., Univ. of Tulsa, Tulsa 4, Okla. 332 N. 
anta Fe St. 
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Fifteenth t. N.E., Seattle & 
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Wacker, G. L., Ph.D.(Cornell) Asst. Prof., Purdue Univ., West Lafayette, Ind. On leave, 
Visiting Asst. 1 gg Cornell Univ., Ithaca, N.Y. 
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Wa ters, ELeanor B., M.A.(Duke) Asso. Prof., Delta State Teachers Coll., Cleveland, 

iss. 
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Wapp A. R., A.M. (California) Instr., Texas A, and M, Coll., College Station, Tex. 1300 

East 28rd St., Bryan, Tex. 


i 


THE MATHEMATICAL ASSOCIATION OF AMERICA 95 


Warp, J. A., Ph.D.(Wisconsin) Prof., Univ. of Kentucky, Lexington, Ky. 
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Warnock, W. G., Ph.D. (Illinois) Prof., Rensselaer Poly. Inst., Troy, N.Y. 18 Avenue A, 
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Fulmer, Hefner, Holton, Hook, Martin, 
Perlin, Smith, Starrett. 

CoLLEGEBORO, Moye. 
DAHLONEGA. 

North Georgia Coll. Barnes, Berg, Wollan. 
Decatur. Gaylord, Robinson. 
Emory UNIVERSITY. 

Emory Univ. Clark, Latimer, Messick, 

Partington, Rumble. 
Fort Pitts. 
La Granece. Bailey. 
Macon. Bruce, Plymale. 
MILLEDGEVILLE. Nelson. 
Rome. Hightower. 
Savannah. Blakeley, Parker. 
Vauposta. Moore. 
WarNER Rosins. Fleming. 


Hawall 
Murphy, Rush, Stelson. 


IDAHO 


Boise. Buck. 
CALDWELL: Rankin. 


PocaTELLo. Olive, Scobert. 


ILLINOIS 

Aurora. Miksa, Tapper. 

Berwyn, Cherry. 

Bioomineton. Hunt. 

Isuanp. Protsman. 

CARBONDALE. 

Southern Illinois Univ. Black, Hall, Hoyle, 
McDaniel, Rodabaugh, Wright. 

CarTHAGE. Boatman. 

CHARLESTON. 

Eastern Illinois State Coll. Hendrix, Rin- 
genberg, Taylor. 

Cuicaco. Anthony, Badger, Ballinger, Bird, 
Boardman, Brady, Burton, Butler, 
Campbell, Christman, Esposito, Et- 
tinger, Gerst, Greer, Herlihy, Hilton, 
Holland, Kaufman, Koch, Liolios, Lon- 
don, Mansfield, Mary Canisia, Mary 
Esther, Miller, Nicolet, Pennington, 
Pohley, Poppen,  Porcelli, Sachs, 
Schweitzer, Specht, Svoboda, Werkman, 
Wormseer. 

DePaul Univ. D’Arco, Fischer, Olden- 
burger, Pachucki, Porges, Saastad. 

Illinois Inst. ef Tech. Arenson, Ballard, 
Barten, Bibb, Comfort, DeCicco, De- 
Lany, Ford, Friedlen, Gertz, Goodman, 
Hazleton, Hellinger, Krathwohl, Levin, 
McDowell, Menger, Miller, Pall, Parter, 
Peterhans, Pollak, Rapp, Reingold, 
Rosenberg, Sadowsky, Schlesinger, 
Shoesmith, Smith, Soglin, Wilcox. 

Roosevelt Coll. Gore, Johnson, Harvey, Sil- 
ber, Street. 

Univ. of Chicago. Albert, Barnard, Bartky, 
Everett, Gaffney, Glander, Gottlieb, 
Graves, Guy, Halmos, Hartung, Jones, 
Kaplansky, Lane, Leech, Lunn, Mac- 
Lane, Meyer, Northrop, Ogawa, Opa- 
towski, Putnam, Rapoport, Rosenberg, 
Schilling, Selitsky, Stone, Zygmund. 

Univ. of Illinois. Alberti, Allen, Bailey, 
Berglund, Corliss, Croft, Davis, Fein- 
stein, Frank, Grenard, Grundman, Hart- 
ley, Hornacek, Lariviere, Latham, 
Nolan, Nowlan, Olsen, Ondrak, Rosen- 
beck, Scholomiti, Schwartz, Sears, Stel- 
ling, Turner, Wilson. 

Wilson Jr. Coll. Feltges, Kenney, Lange, 
Rasmusen, Siedband. 

Wright Jr. Coll. Buelow, Eulenberg, 
Georges, Kurzin, Moran. 

Cicero. Richards. 

DANVILLE. Reiner. 

DECATUR. 

James Millikin Univ. Brown, Falvey, 
Kiefer, Ploenges. 

DEKALB. 

Northern Illinois State Teachers Coll. An- 
derson, Hellmich, Stelford. 

Drxon. West. 

Exvporapo. Porter. 

Exern. Peters, Thom. 

Ex_muurst. Baumgart. 


| 
n, 
n. 
r, 
1, 
’ 
’ 
’ 
’ 
’ 
’ 


104 


Erie. Smith. 
Evanston. Bradfield, Christian, Graham, 
Pancoe. 

Northwestern Univ. Banhagel, Barrer, 
Bloom, Buell, Harris ildebrandt, 
Karns, Kliphardt, Littlejohn, Mesner, 
Moulton, Paxman, Reid, Riggs, Scott, 
Simmons, Spong, Wescott, Wolfe. 

Fiossmoor. Bliss. 
Freeport. Baumgartner. 
GALESBURG. 

Knox Coll. Clare, Heren, Lindstrum, 

Smyth, Stephens. 
GRIGGSVILLE. Carmichael. 
JACKSONVILLE. Hallerberg, Miller, Schu- 

maker. 
Dickson, Zeller. 
LAKE Forest. Curtis. 
LEBANON. Stowell. 
LINCOLN. Balof. 
Macoms. Ayre, Schreiber. 
Mayrwoop. Hildebrandt. 
Monmoutu. Beveridge, Cramer. 
NAPERVILLE. Seybold. 
New Bapen. Dufiner. 
NorMAL. 

Illinois State Normal Univ. Atkin, Bey, 
Brown, Flags McCormick, Mills, Nors- 
kog, Rine, U isvik. 

Paxton. Schwartz. 
Peoria. Martens. 

Bradley Univ. Gault, McGaughey, Moore, 

Zeigler. 
River Forest. Dobbin. 
Rocxrorp. Oldenburger, Presnell, Seber, 

Varnum. 

Rock Isuanp. 

Augustana Coll. Cederberg, Jensen, Neil- 

son, Nelson, Olmsted. 
Sanpwicu. Rumney. 
URBANA. 

Univ. of Illinois. Armstrong, Atchison, 
Brannon, Cairns, Chanler, Fort, Fox, 
Fry, Hattan, Hoersch, Hohn, Hundert- 
mark, Ketchum, Koken, Landin, Levy, 
Marquardt, Meserve, Miles, Miller 
Mitchell, Moore, Peters, Priest, Reiner, 
— Snader, Taub, Vaughan, Walk- 


ey. 
WueatTon. Boyce, Martin. 
WinneEtTKA. Humphrey. 


INDIANA 
BLOOMINGTON. 

Indiana Univ. Ericksen, Gustin, Peak, 
Porter, Thomas, Williams, Wolfe, 
Youngs, Zorn. 

CoLLEGEVILLE. Zanolar. 
CRAWFORDSVILLE. 
Wabash Coll. Carscallen, Hughes, Polley. 
DANVILLE. Shartle. 
Long. 
East Cuicaao. Burns. 
Nicholls. 
EVANSVILLE. Kronsbein. 
Fort Wayne. Beck, Olson. 


THE MATHEMATICAL ASSOCIATION OF AMERICA 


Gary. Oursler. 
GosHEN. Hartzler, Zimmerman. 
GREENCASTLE. 

De Pauw Univ. Arnold, Edington, Green- 

leaf, Talkington. 

Hammonb. Groves. 

Hanover. Yarnelle. 

Hoty Cross. Edward. 

INDIANAPOLIS. Hadley, Heyda, McColgin, 
Welchons, Zieroff. 

Butler Univ. Beal, Crull, Fuller. 

Purdue Univ., Ext. Div. Chambers, Spears, 
Suter. 

LAFAYETTE. 

Purdue Univ. Ayres, Black, Bolks, Burr, 
Crain, De Jonge, Dietrich, Fry, Golomb, 
Gould, Graves, Hazard, Hodge, Hughes, 
Hull, Johnson, Jonah, Keller, Klinger, 
Mielke, Miller, Overman, Robbins, 
Rosenthal, Schaeffer, Shanks, Smith, 
Stone, Sturm, Virts, Webster, Wirsch- 
ing, Wood. 

LowE Newson. 

Micuiean City. Copp. 

Brumfiel, Shively. 
Nortu Mancuester. Dotterer. 
Notre Dame. 

Univ. of Notre Dame. Bell, Caparo, De 
Baggis, Gragowski, Fan, Gottesman, 
Grainger, Higgins, LaSalle, McFarland, 
Nastucoff, Otter, Ross, Struble. 

Bentley. 

Reynotps. Erwin. 

Sr. Mernrap. Knaebel. 

Hautes. Martin, Ross, Shriner, Sous- 
ey. 

Draper. 

West Bapen Sprines. Hausmann. 


Iowa 


Ames. McKelvey. 

Iowa State Coll. Anderson, Bancroft, 
Block, Brandner, Daniells, Davis, Den- 
iston, Gaskell, Goss, Gouwens, Griffin, 
Herr, Hinrichsen, Holl, Kreider, Lam- 
bert, Langenhop, Lieberknecht, Lin- 
dahl, ne McKelvey, Reeves, Rob- 
ertson, Robinson, Smith, Terry, Thiel- 
man. 

Britt. Muller. 
Crpar FAL.ts, 

Iowa State Teachers Coll. Brune, Keppers, 

Lankton, Lott, Van Engen. 
Cepar Rapips. Fogg, Swanson. 
Couuins. Fish. 

Davenport. Blackman, Hratz. 
DecorauH. Jacobsen. 
Des Moines. 

Drake Univ. Canfield, Gardner, Gillam, 
Harper, Li, Neff, Qualley, Zubay. 
DvuBUQUE. Ernsdorff, ackin, Rothlisberger. 

Eprwortu. Earhart. 
Fayette. Deming. 
GRINNELL. 
Grinnell Coll. Clark, McClenon, Rusk. 
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Iowa Crry. Price. 

Univ. of Iowa. Chittenden, Conkwright, 
Cosby, Craig, Knowler, Marlow, Nem- 
mers, Oberg, Smiley, Woods, Wylie. 

LAMONI. Jacobson. 
Mr. PLeasant. Stein. 
Mr. VERNON. 

Cornell College. Davis, McGaw, Moots. 
Sroux Ciry. Bushyager, Rochford. 
Srorm Laker. Roorda. 

Waukon. Hancock. 
Waver.y. Hoffman. 
West Brancu. Anderson. 


KANSAS 


Arcutison. Obrist, Pretz, Sullivan, Walsh. 
BauLpwin. Garrett, Hester. 
Emporia. 
State Teachers Coll. 
Tucker. 
Hays. Fleming, Grabbe, Toalson. 
Hesston. Driver. 
Horton. Spickelmier. 
LAWRENCE, 

Univ. of Kansas. Babcock, Black, Dough- 
erty, Fisher, Foreman, Forman, Her- 
stein, Hsu, Johnson, Jordan, Kruse, 
Marceau, Pihlblad, Price, Rasmussen, 
Schatten, Scott, Smith, Stouffer, Ulmer. 

Linpspora. Marm. 
MANHATTAN. 

Kansas State Coll. Babcock, Chatelain, 
Cowell, Furman, Greer, Hyde, Janes, 
Lewis, Mossman, Parker, Sanger, Strat- 
ton, White, Young. 

Norra Newron. Ewy, Richert. 
Orrawa. Bemmels. 
PITTSBURG. 

State Teachers Coll. Curfman, Kriegsman, 

Shirk, Smith. 
Satna. Nicholas. 
STERLING. Bell. 
Topeka. Messick. 

Washburn Univ. Breneman, 
Greene, Martinson. 

WAKEENEY. Gibson. 
Wicuita. Longenecker, Reagan, Swanson. 

Univ. of Wichita. Hanna, Hoare, McCord, 
Read, Reagan, Wedel, Wrestler. 

WINFIELD. Kruger. 
Xavier. Ann Elizabeth. 


Laird, Peterson, 


Eberhart, 


KENTUCKY 
BEREA. 

Berea Coll. Pugsley, Roberts, Wyre. 

Bow ine GREEN. Yarbrough. 
CAMPBELLSVILLE. Graham. 
DANVILLE. Robinson. 

Fort Knox. Schocken. 
Grorcetown. Cook, Hatfield. 
LExineTon. Wright. 

Univ. of Kentucky. Atkins, Boyd, Brown, 
Cooper, Cowling, Downing, Goodman, 
Leser, Pence, Pulliam, Rohde, Royster, 
South, Ward. 
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LovisvI..e, Bullitt, Ford, Morrison, Schaef- 


er. 

Univ. of Louisville. R. I. Fields, W. L. 
Fields, Moore, Musch, Sauter, Sim- 
ester, Stevenson. 

Map.e Mount. Sheeran. 

Murray. Carman, Holmes. 

RicumMonp. Park. 

Compton, Vallandingham. 
WIncHEsTER. Howard. 


LOUISIANA 
Baton Rouge. 

Louisiana State Univ. Bienvenu, Freas, 
Karnes, Nichols, O’Quinn, Rees, Rickey, 
Rutt, Sanders, Smith, Townsend, Wicht, 
White. 

HAMMOND. 

Southeastern La Coll. Davis, McClimans, 

Tucker. 
LAFAYETTE. 

Southwestern La. Inst. Buchanan, Loflin, 
Miller. 

Lake Cuar es. Bradford, Franciol. 
NATCHITOCHES. 

Northwestern State Coll. Carlton, Killen, 
Maddox, Winegeart. 

NEw ORLEANS. Frankenbush, Miriam Fran- 
cis, Mooney, Preble, Stevens, Tullier, 

Sophie Newcomb Coll. Beard, Many, Spen- 
cer, Weiss. 

Tulane Univ. Baus, Buchanan, Clark, 
Cohen, Duren, Gilmore, Ohmer, Riess, 
Schmied, Thomson, Grammell, Uhl, 
Wallace. 

PinEvILLE. Donohoe, Temple. 
Ruston. 

La. Poly. Inst. Garrison, 

Schroeder, Temple. 
SHREVEPORT. 

Centenary Coll. Griffith, Hardin, 

Knight. 


Kennedy, 


Mc- 


MAINE 


Bata. Brown. 
BRUNSWICK. 
Bowdoin Coll. 
Holmes, Korgen. 
Lewiston. Ramsdell, Wilkins. 
Orono. Boron, Kimball. 
WATERVILLE. Ashcraft, Combellack. 


Christie, Hammond, 


MARYLAND 


ABERDEEN Province Grounp. Dederick, 
Dimsdale, Golub, Hart, Kravitz, Lotkin, 
Maddrill, Reklis, Rosenfeld, Squires, 
Taylor. 

ANNAPOLIS. Wilson. 

St. John’s Coll. Bingley, Carnes, Kinsman. 
U. S. Naval Acad. Bailey, Ball, Buikstra, 
Chambers, Clements, Currier, Gorman, 
Gras, Hammond, Kells, Kinsolving, 
Kowalewski, Lamb, Lyle, Mayer, Mc- 
Laughlin, Milkman, Milos, Moore, 
Paydon, ’Pejsa, Popow, Rector, Robin- 
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son, Scarborough, Simpson, Stilwell, 
Swafford, Thomas, Tierney, White. 

. S. Naval Postgrad. School. Bleick, 
Church, Denbow, Jennings, Lockhart, 
Rawlins, Root, Torrance. 

Battimore. Blackiston, Briant, 
Cook, Huck, Karl, Lewis, 
Roman, Torrey. 

Johns Hopkins Univ. Bourne, Clifford, 
Cohen, Edmonson, Haviland, Kennedy, 
Lewis, Light, Mitchell, Morrill, Rand, 
Reed, Ritchie, Sigley, Smith, Snyder, 
Templeton, Whitman. 

Morgan State Coll. Saunders, Stephens, 
Williams. 

BeruHespa. Draim. 

BRENTWOOD. Meade. 

Curvy Cuase. Cramer. 

Park. 

Univ. of Maryland. Brigham, Good, Hall, 
Hansen, Jackson, Martin, Vollmer, 
Wagner. 

Burke, Klos. 

FREDERICK. Brown, Maloney. 

Ruxton, Morrel. 

SILVER Sprina, Cohen. 

Takoma Park. Anderson, Brooks. 

WESTMINSTER. Spicer. 

Woopstock. Hennessey. 


Butler, 
Marrian, 


MASSACHUSETTS 


ANDOVER. Cobb. 

AMHERST. Boutelle, Brown, Rose. 

Boston. Betts, Edwards, Gillman, Gould, 
Hall, Hemenway, Hoskins, Hueston, 
Laurentine Marie, Miller, Weaver. 

Boston Univ. Alman, Johanson, Mode, 
Sobezyk, Syer. 

Northeastern Univ. Brown, Cook, Spear, 
Wallace. 

Brooking. McCarthy. 

CAMBRIDGE. Morelli. 

Harvard Univ. Ahlfors, Beatley, Birkhoff, 
Brown, Coolidge, Emmons, Fishback, 
Gleason, Huntington, Kneale, Kravetz, 
Mosteller, Newman, Rulon, Walsh, 
Weintraub, Widder, Wilson, Zariski. 

Massachusetts Inst. of Tech. Boas, Doug- 
lass, Franklin, Harvey, Kehl, Martin, 
Moon, Reich, Reissner, Salem, Stemp- 
nitzky, Woods, Zeldin. 

Cuestnvut 

Boston Coll. Eiardi, Leonard, Marcou, 
O’Donnell. 

Madden. 

River. Connors. 

Fircusure. Bissinger, Haskins. 

Fort Drevans. Hubbard. 

Groton. Nash. 

Lynn. Taylor. 

MEDForRD. 

Tufts Coll. Clarkson, Mergendahl, Ran- 
som. 

Mi.rorp. Dennison. 

New Beprorp. Robinson. 
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CentER. Solomont, Walsh. 
NortTHAMPTON. Munroe. 


Smith Coll. Johnson, McCoy, O’Neill, 
Rambo. 

Norton. 

Wheaton Coll. Garabedian, Nickerson, 
Watt. 


PirrsFIELD. Washburne. 
SouTHBRIDGE. Boeder. 
Soutu Hap.ey. 
Mount Holyoke Coll. Bates, Kiokemeister, 
Litzinger. 
Tynessoro. Richmond. 
Wa.po.e. Adams. 
Watertown. Berkofsky. 
WELLESLEY. 

Wellesley Coll. Russell, Stark, Young. 
Weston. Burke, O’Shea, Swords. 
Agard, Wells. 
Worcester. Burns, McBrien. 

Clark Univ. Bumer, Melville, 

Stubbe, Wheeler. 
Worcester Poly. Inst. Brown, Cobb, Mac- 
Cullough, Morley, Rice. 


Patton, 


MICHIGAN 


ApriAN. Loretta. 
ALBION. 

Albion Coll. Cox, Ingalls, Larsen. 
Ann Arbor. Rothe. 

Univ. of Michigan. Al-Ghita, Anning, Ar- 
nold, Bartels, Bradshaw, Brauer, Briggs, 
Brown, Churchill, Coburn, Coe, Cole- 
man, Copeland, Craig, Crispin, Curtis, 
Dickinson, Dwyer, Faulkner, Fischer, 
Harary, Hay, Herzog, Hildebrandt, 
Hopkins, Jehn, Jones, Kaplan, Karpin- 
ski, Leisenring, LeVeque, Love, Mela, 
Myers, Nyswander, Piranian, Rainich, 
Rainville, Rauch, Reade, Rippe, Ritter, 
Roth, Rothe, Rouse, Running, Samel- 
son, Schorling, Shively, Thrall, Torn- 
heim, Ullman, Wilder. 

BERKELEY. Nace. 

BERRIEN Sprinas. Specht. 

DEARBORN. Edmonson, Maguire, Spencer. 

Derrorr. Andriash, Bagby, Johnson, Mary 
Paula, Reiber, Weitzenhoffer. 

Univ. of Detroit. Burkart, Chiaverini, Eck- 
stein, Johnston, Markle, McCarthy, 
McGrail, Mehlenbacher, D. M. Oehmke, 
R. H. Oehmke, Sherwood, Smith, 
Sowul, Steinbach, Teodoro, Thompson. 

Wayne Univ. Allen, Baldwin, Borgman, 
Clatworthy, Epstein, Folley, Harrison, 
Loweke, Mandelbaum, Minas, Morrow, 
Nelson, Patterson, Pixley, Scibiorski, 
Southard, Vuylsteke. 

East LAnsING. 

Michigan State Coll. Barbour, Baten, Bell, 
Carr, Coy, Frame, Grindall, Grove, Hill, 
Kelly, Lapidus, Musselman, Nordhaus, 
Payne, Plant, Powell, Sander, Stewart, 
Sweetland, Wells. 

Fenton. Tryon. 
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FLINT. 

General Motors Inst. DeMoss, 

Raker, Schaefer, Straw. 
Granp Raptps. Bellardo. 
Hart. Burdick. 

Lampen. 
HovuGHTON. 

Michigan Coll. of Mining & Tech. Boggs, 

Park, Stipe. 
Ironwoop. Field. 
KataMazoo. Walton. 

Western Michigan Coll. Bartoo, Beeler, 
Blair, Butler, Cain, Everett, Ford, 
Hannon. 

Spooner. 
Mitrorp. McNeal. 
Mr. PLEASANT. 

Central Michigan Coll. Bye, Foust, Pratt, 

Richtmeyer, Sudborough. 
Piymoutu. Frankel. 
Sauut Ste. Marir. Otis. 
YPSILANTI. 

Michigan State Normal Coll. 
Goings, Lindquist, Pate. 


Grotts, 


Erikson, 


MINNESOTA 


BemipJ1. Colson, Milkovitch. 

CoLERAINE. Kearney. 

CoLLEGEVILLE. Danzl, Kalinowski. 

DututH. Cothran, McEwen, Mercedes, 

Morin. 

MINNEAPOLIS. Flanary. 

Univ. of Minnesota. Amundson, Barnett, 
Bearman, Brink, Brooke, Bussey, Cam- 
eron, Carlson, Doeringsfeld, Eggers, 
Fischer, Gibbens, Hall, Hart, Hartig, 
Hartman, Hatfield, Ito, D. A. Johnson, 
G. P. Johnson, Johnston, Kalisch, Kirch- 
ner, Kirmser, Koehler, Laws, Loud, Mc- 
Cutcheon, McHugh, McIntosh, Munro, 
Ohnsorg, Olmsted, Owchar, Priester, 
Quaid, Shumway, Smith, Stoner, Thorn- 
ton, Thorp, Turrittin, Wang, Williams, 
Zeitlin. 

Moorueap. Mundbjeld. 

NorrHFIELD. Carlson. 

Carleton Coll. Crum, Francis, Gingrich, 
May, Wegner. 

Rocuester. Dubbert. 

Sr. Joseru. Muggli. 

Sr. Pau.. Bracewell, Brown, Hill, Morgan. 
Macalester Coll. Blakely, Camp, Steinberg. 
~ of St. Catherine. Berger, Boehm, Gib- 

ons. 

Coll. of St. Thomas. Bush, Godderz, Mont- 
gomery, Norris, Reuber, Sheridan, 
Smith, Speltz, Taylor, Terami. 

Sr. Peter. 

Gustavus Adolphus Coll. Anderson, Kauf- 
manis, Swanson. 

Steepy Eye. Kloyda. 

VirGinia. Henning. 

Winona. De LaSalle, Lokensgard, Schrader, 

Schulte. 


107 


MIssIssIPPI 
Movunrain. Gillis. 
CLEVELAND. Walters. 
Erickson. 
HATTIESBURG. 
Mississippi Southern Coll. Davis, Felder, 
Foote, Jones, Phillips. 
Jackson, Babbitt, Mitchell. 
Menripian. Cleveland. 
STARKVILLE. Temple. 
State 
Mississippi State Coll. Goen, Grimes, Hop- 
kins, Warne, Ollivier, Pettis. 
UNIVERSITY. 
Univ. of Mississippi. Bickerstaff, Hume, 
Miller, Samuels, Trott. 
Winona. Witty. 


MIssouRI 


Ford. 
Cape GIRARDEAU. Michel. 
Cotumsia. Cosby, Moore. 

Univ. of Missouri. Blumenthal, Burcham, 
Cummings, Ewing, Gaddum, Haynes, 
Hogan, Kelley, Sawyer, Snider, Stamey, 

tz. 
FAYETTE. 

Central Coll. Barrow, Denny, Helton. 
Fiat River. Galloway. 
Futon. Ekstrom, Lacy. 
HANNIBAL. Williams. 
JEFFERSON City. Jason, Muse. 
Kansas City. Baxter, Cutting, 

Lackay, Pierson, Rosen. 
KIRKSVILLE. Jamison. 
Liperty. Jones. 
MaryvILLe. Lafferty. 

Missouri School of Mines. Erkiletian, 

Evans, Goodhue, Lee, Pagano, Rankin. 
St. Beasley, Karr. 
Sr. Louis. Gove, Lewis, Marth, Proctor, Wil- 
lerding, Van Schaack. 

St. Louis Univ. Andrews, Bold, Collins, 
Felling, Regan. 

Washington Univ. Bridger, Dunkel, Haimo, 
Leighton, Mathews, Middlemiss, Rider, 
Roever, Schriro, Stephens, Thron. 

SPRINGFIELD. Fronabarger, Graves, H’ Doub- 
ler. 
WaARRENSBURG. Brown. 


Doyle, 


MonrTANA 


BozEMAN. 
Montana State Coll. Antosiewicz, Glauz, 
Hurst, Livers, Lowney. 
Butte. Smith. 
Garrison. Canning. 
Missou.a. Merrill, Ostrom. 


NEBRASKA 


CHADRON. Berry. 

Crete. Johnson. 
Hastines. Lowry, McDill. 
KEARNEY. Larsen. 
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Lincoun. Blank, Gass, Ogden, Perisho. 
Univ. of Nebraska. Basoco Brenke Camp, 
Clarke, Cox, Gaba, Heath, Leavitt, 
Lenser, Pool, Runge. 
Omauna. Becker, Earl, Rice. 
Creighton Univ. Bettinger, Clarkson, Dan- 
sky, Tegels. 
Perv. Huck. 
ScotrssLurr. Wood. 
Wayne. Boyce. 
York. Feemster. 


NEVADA 
Reno. Beesley, Wood. 


New HampsHIRE 
DuruaM. Slobin. 
Exeter. Penneil. 
Acad. Adkins, Funkhouser, 
ynch. 
Hanover. Morgan, Nordstrom. 

Dartmouth Coll. Brown, Doyle, Durfee, 
Forsyth, Fraser, Mathewson, Perkins, 
Robinson, Silverman, Wilder. 

Keene. Goodrich, Peters. 
MANCHESTER. O’Leary. 
Smith. 


New JERSEY 


Bayonne. Koren, Quinn. 
Bevmar. Borsuk. 
BLooMFIELD. Oergel. 
CALDWELL. Anita. 
Cuirton. Struyk. 
ConvEnT Station. Kenna. 
East Oranos. LePori, Nordgaard. 
Fort Monmoutn. Norwood. 
HIGHLAND Park. Hamilton. 
Hicutstown. Harrison, Litterick. 
Hosoxen. Murray, Reeks, Rose. 
Jersey Ciry. Ayres, Kruse, Reckzeh. 
LAKEWOOD. Wallick. 
LAWRENCEVILLE. Kiernan, Kimball. 
Maprson. Battin. 
MaPpLewoop. Hazeltine. 
Kays. 
Murray HItt. 

Bell Telephone Labs. Gray, Hamming, 

Raisbeck, Shewhart, Schelkunoff. 

Newark. Mosesson, Strock. 


Sherak. 
Newark Coll. of Engg., Jaffe, Mainardi, 
Molina, Vedova, Wasson. 
New BrunswWICck. 
Rutgers Univ. Barlaz, Biser, Brown, Bun- 
ere Cherlin, Cohn, Firestone, Gal- 
raith, Grant, Hazard, Klein, LeLeiko, 
Makarov, Meder, Morris, Nelson, Ott, 
Phelps, Starke, Walter, Zimmerberg. 
ORANGE. Chacalos. : 
Paterson. Daugherty. 
Princeton. Houghton, Meier. 
Inst. for Advanced Study. 


Alexander, 
Bateman, Chowla, Goldstine, 


Mont- 
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Morse, Pettis, 
eumann, Wong. 
Princeton Univ. Artin, Blackett, Gilbert, 
Lefschetz, Michael, Snapper, Tucker, 
Tukey, Wilks. 
Ramsey. Stuckey. 
SoutH Orance. Davis, Glusman, Stanwick. 
Summit. MacNeille. 
TEANECK. Rayher. 
TRENTON. Levine, Shuster. 
Upper Monrcuarr.Campbell. 
State Teachers Coll. Clifford, Davis, Hum- 
phreys, Mallory, Sensale. 
West Orance. Edison. 


Veblen, 


omery, von 


New Mexico 
ALBUQUERQUE. Bauer, Buell, Carey, Math- 


any, Rogers. 
Univ. of New Mexico. Beach, Boldyreff, 
Hendrickson, Hildner, Lane, LaPaz. 
Las VrEGAs. 


New Mexico Highlands Univ. Roberts, 
Rodgers, Slechticky. 
Los ALamos. Benson, Blum, Hammer, Stark. 
RoswE t. Harp. 
Santa Fe. Luke. 
Socorro. Glass, Reece. 
Strate CoLuece. 
New Mexico Coll. of A. & M.A. Branson, 
Heinzman, Kramer, Walden, Westhafer. 


New York 


Autsany. Dumont, Newsom, Noel Marie. 

New York State Coll. for Teachers. Beaver, 
Birchenough, Butler, Lester, Stokes, 
Turner. 

ALFRED. 

Alfred Univ. Beals, Freund, Nevins, Polan, 

Rhodes, Seidlin, Whitford. 

AURIESVILLE. Lewis. 

Avrora. Hollcroft, Rusk. 

Ba.pwin. Bowden, Grove, Mitchell. 

BaysipE. Cohen. 

BincHamTon. Greene. 

Bronx. Gordon, Lipsey, Orshansky, Tucker. 

Brooxiyn, Appuhn, Byrne, Epsell, Finkel, 
First, Francis Xavier, Gerdes, Gerst, 
Honig, Karnow, Kramer-Lassar, La- 
voie, Lazar, Leeds, Lieber, Lonner, 
McKenna, Miller, Odin, Raines, Reimer, 
Ross, Rush, Salkind, Sandler, Sarno, 
Shapiro, Tolle, Waite, Wallach. 

Breoklyn Coll. Borofsky, Boyer, Fleisher, 
Forman, Griffin, Johnson, Karlin, Ken- 
nison, Kieval, Landers, Levenson, 
Maria, Moore, Prenowitz, Richardson, 
Shapiro, Singer, Smith, Wolfe, Wood- 
bridge. 

Poly. Tak of Brooklyn. Forray, Foster, 
Hutchinson, Kalish, Klamkin, Lowe, 
Terzuoli, Ullman, Whitford. 

Pratt Inst. Beckman, Cowles, Helme, 
Kohlmeyer, Levitt, Moore, Norman, 
Thompson. 


|| 
{ 
Newark Coll., Rutgers Univ. Ammerman, 
Hellman, Henry, 
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BuFFALo. Baez, Benson, Browne, Buchman, 
Duke, Hand, Hickman, Maloney, New- 
ell, Podmele, Potts, Rapp, Rowley, 
Saltarelli, Scholl, Sharpe, Tuthill, Walk- 
er, Wilkins. 

Univ. of Buffalo. Baeumler, Behrns, Far- 
ber, Feidner, Fountain, Gehman, Gor- 
don, Gough, Haslam, Hill, Hoffman, 
Kurland, McArtney, Meyer, Montague, 
Montgomery, Noller, Pound, Schillo, 
Schneckenburger, Smurthwaite, Strebe, 
Warner, Welmers. 

CanisTEO, Longley. 

Canton. Boak. 

St. Lawrence Univ. Bates, Limpert, Peters, 
Smith. 

Cazenovia. Howe. 

CLEVELAND. Morenus. 

CLINTON. 

Hamilton Coll. Gere, Patterson, van Al- 
styne. 

Etmira. Suffa. 

Enpicort. Kent, Wright. 

Far Rockaway. Moore. 

Park. Clark. 

FLUSHING. 

Queens Coll. Archibald, Brown, Cope, 
Dean, Eaton, Feld, Raudenbush, Sard, 
Sullivan. 

Forest Hits. Frank, Hertzig. 

Fort Kinney. 

GENEVA. 

Hobart & Wm. Smith Colls. Beinert, Dur- 
fee, Hubbs, Milliman, Mosey. 


HAMILTON. 
Colgate Univ. Aude, Downie, Munshower, 
ardwell. 
Corners. Ford. 
HEMPSTEAD. 


Hofstra Coll. Charlesworth, Draudt, Haw- 
thorne, Hove, Jordan, Juelich, Ollmann, 
Stabler. 

HiGHLAND Coleman. 

Hovueurton. Luckey. 

ITHACA. 

Cornell Univ. Agnew, Bartram, Carver, 
Feller, Gunder, Hurwitz, Kac, Pollard, 
Robison, Snyder, G. L. Walker, R. J. 
Walker, Yood. 

Kinas Point. Keyes, Nickl. 

Lona Istanp City. Williams. 

LouDONVILLE. 

Siena Coll. Garrett, Hanhauser, Kuhn. 

Mexico. Reddick. 

Newsura. Weinert. 

New Lepanon. Pflaum. 

New Rocue te. Kiely. 

New York. Alfieri, Berger, Bernard Alfred, 
Boehm, Braverman, Burgess, Coleman, 
Conlan, Crane, Croci, Darraugh, D’ Atri, 
Deutsch, Dodes, Gray, Grossman, Har- 
ris, Heath, Hlavaty, Hobbs, Jablonow- 
er, Jeffries, Joffe, Jordan, Katz, Keel- 
er, Kruskal, Levine, Maltenfort, Matte- 
son, Mayerson, McGrath, McMahon, 
Mirick, Nehrbas, Nooger, Peiser, Quil- 


ty, Roll, Ruderman, Salerno, Sasuly, 
Schor, Schwartz, Silversten, Skelding, 
Steinhaus, Tom, Vitale, Wayne, 
Weaver, Young. 

Bell Telephone Labs. Clos, Fry, Jones, 
MacColl, Mead, Riordan. 

City Coll. of the City of New York. Cher- 
nofsky, Fagerstrom, Gill, Hibbard, 
Hubert, Hurwitz, Linehan, MacEwen, 
Mortola, Nathan, Fost, Robinson, 
Schach, Schwartz, Singer, Weingarten, 
Wirth, Wright. 

Columbia Univ. Aurora, Bolton, Eilenberg, 
Fehr, Fite, Gentzler, Goldman, Kasner, 
Kaufman, Lewis, Littauer, Lorch, Mul- 
lins, Murray, Ogilvy, Plethides, Reeve, 
Ritt, Scheffe, Siceloff, Upton, Zilber. 

Cooper Union. Anderson, Eastham, Leh- 
man, Miller, Tanzola. 

Fordham Univ. Kirby, Kubis, Oehler. 

Hunter Coll. Anderson, Aroian, Bradley, 
Brock, J. H. Bushey, Jewell H. Bushey, 
Cooper, Darkow, Eisele, Hill, Kutman, 
Landers, Tuller, Weisner, White. 

International Business Machines. Herrick, 
Hurd, Seeber. 

New York Univ. Adler, Bakst, Bernardi, 
Carl, Cooley, Courant, Edison, Ficken, 
Graham, Hirsch, Isaacson, F. W. John, 
Fritz John, Kline, McConnell, Palladino, 
Payne, Peters, Putnam, Rehberg, Roth, 
Rubin, Schlauch, Shephard, Stone, Til- 
ley, Wahlert, Wolinsky, Yanosik. 

Yeshiva Univ. Block, Frank, Ginsburg, 
Rosenfeld. 

Nraaara Fats. Abbey, Welmers. 
NraGARA UNIVERSITY. 

Niagara Univ. Banks, Egan, Newell. 
Smith. 
Oneonta. Callahan, Sanford. 
ORANGEBURG. Beberman. 
Ovip. Casey. 
Sirus. Buxton. 
PLATTSBURGH. Kotler, Skinner. 
Potspam. Waltz. 
Phillips. 

Vassar Coll. Asprey, Baker, Dolciani, Mc- 
Donald, Newton, Wells. 

QuEENs. Gould. 

Ranpo.tpu. Horak. 

Rocuester. Chesna, Dorothea, Foard, 
Harding, Merrill. 

Univ. of Rochester. Atkins, Barton, Bern- 
stein, Betz, Danese, Gale, Gunderson, 
Klimezak, Marchand, Randolph, Seidel, 
Small, Watkeys. 

Sr. AuBans. Deutsch. 

Sr. BonaveNTuRE. Scheier. 
Sampson. Caulum, Lane. 
SARATOGA SprinGs. Williams. 
ScHENEcTADY. Poritsky, Warr. 

Union Coll. Bates, Burkett, Fox, Holt, 

Maddaus, Male, Morse, Snyder. 
SPRINGVILLE. Harrington. 
Straten Isianp. Stinetorf. 
Stony Brook. Berry. 
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Syracuse. Betz. 

Syracuse Univ. Bruns, Carroll, Cole, Deck- 
er, Erdos, Gelbart, Goheen, Harwood, 
Hetzelt, Kibbey, Loewner, Protter, 
Rosenbloom, Rosskopf, Stokes, Taylor 

ROY. 

Rensselaer Poly Inst. Allen, Biggerstaff, 
Burger, Campbell, Guilford, Hendler, 
Huston, Jones, Maly, Nash, Nickol, 
Tear, Vrooman, Warnock. 

Unica. Greeley, Jenkins, Tiller. 
West Point. 

U.S. Military Acad. Bessell, Jones, Nicho- 
las, Yates. 

Waite Puains. Mary Benedicta. 
Wyomina. Hartnell. 


NortH CaRo.Lina 


HI... 

Univ. of North Carolina. Brauer, Browne, 
Cameron, Carpenter, Garner, Hender- 
son, Hickerson, Hill, Hoke, Hoyle, 
Lasley, Mackie, Macon, Minton, Payne, 
Vause, Wahab, Whyburn. 

Hoyle. 
Davipson. 

Davidson Coll. Martin, McGavock, Me- 
bane, Peyton. 

Duruam. Pegram, Williams. 

Duke Univ. Dressel, Elliott, Garrett, Ger- 
gen, Hickson, Patterson, Rankin, 
Roberts, Thomas. 

GREENSBORO. 
Woman’s Coll. of the Univ. of North Caro- 
lina. Barton, Lewis, Strong, Walker. 
GREENVILLE. Reynolds, Scott. 
Hickory. Dodson. 
Point. Adams. 
Mars Hitt. Howell. 
OrreEn. Ripandelli. 
Raueiex. Downing. 

North Carolina State Coll. Baker, Bullock, 
Carroll, Cell, Clayton, Levine, Lewis, 
Nahikian, Nolstad, Strobel, Watson. 

SatisBury. Ackerson, Dearborn. 
Tryon. Dimick. 

WarRRENTON. Graham. 

Witson. Stark. 


NortH Dakota 


Farao. 
North Dakota Agric. Coll. Arena, Grimes, 
Hill, Smith, Stennes. 
GraFton. Westgate. 
GRAND Forks. 
Univ. of North Dakota. Hankerson, Mason, 
McBride, Peterson, Rognlie, Staley. 
JAMESTOWN. Jackson. 
Minor. Beckstrom. 


OxI0 
Apa. Ross, Whitted. 
AKRON. 
Univ. of Akron. Davis, Lowe, Mauch, 


Robbins, Ross, Selby. 
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ALLIANCE. Clark, Freese. 

AmsTERDAM. Derflinger. 

ATHENS. 

Ohio Univ. Marquis, Reed, Starcher. 

BARBERTON. Anderson. 

Berea. Annear. 

Bow ine GREEN. 

Bowling Green State Univ. Cornell, Krabill, 
Mathias, Moore, Overman, Tinnappel, 
Wohler. 

CuILLIcoTHE. Clinton. 

Cincinnati. Hobensack, Pinzka, 
Rice, Stechschulte. 

Univ. of Cincinnati. Barnett, Berman, 
Brand, Feige, Herwitz, Justice, Lipsich, 
Lubin, Merriman, Moore, Smith, Szasz, 
Wang, Yowell. 

CLEVELAND. Brown, Burwell, Dustheimer, 
Garvin, Joliat, Johnson, Musselman, 
Simon, Voronovich. 

Case Inst. of Tech. Brown, Green, Guen- 
ther, Leone, McCuskey, Morris, Nas- 
sau, Saltzer, Thomas. 

Fenn Coll. Gutzman, Haskins, Higgins, 
Kelly, McGar, Topp, Van Voorhis. 

Schultz. 

Capital Univ. Barnhart, Heinke, Wilder- 
muth. 

Ohio State Univ. Adney, Alden, Bamforth, 
Bareis, Beatty, Blumberg, Caris, Davis, 
Fawcett, Hall, Helsel, Jones, Kuhn, 
Mickle, Miller, Morris, Myers, Naiditch, 
Pepper, Rado, Rankin, Rasor, Rechard, 
Reichelderfer, Rickard, Ryser, Sea- 
lander, Toops, Whitney, Swain. 

Dayton. Schawalder. 

Wright Field. Fettis, Gephart, Loch, Mill- 
saps, Price, Toney, Westbrook. 

A.A.F, Inst. of Tech. Carson, Downing, 
Gatewood, Holtom. 

Univ. of Dayton. Bellmer, Cassel, Hafner, 
Peckham, Schraut. 

DerianceE. Godfrey, MacCullough. 

DetawakeE. Crane, Rowland. 

Berg, Vandort. 

GRANVILLE. 

Denison Univ. Glabe, Kato, Ladner, Wiley. 

Hrram. Clarke, Olney. 

KENT. 

Kent State Univ. Boblett, Brooks, Brum- 
field, Dressler, Evans, Harshbarger, 
Iwanchuk, Jasper, Jenkins, Johnson, 
Lowenstein, Lowry, Manchester, E. J. 
Olson, F. R. Olson, Riggs, Wade, War- 
ren. 

LAKESIDE. Wolfe. 

LANCASTER. Smart. 

Lisson. Martin. 

Marietta. Bennett. Sandt. 

MIpDLETown. Orr. 

Mr. Sr. Josppx. Corona, Dimond. 

Napoueon. Yeager. 

New Concorp. Knight. 

New Lexineton. Hoops. 


Reilly, 


i 
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OBERLIN. Yeaton. 

Oberlin Coll. Graff, Sinclair, Tuckerman, 

Vance, ’Yeaton. 
Ossorn. Wells 
Oxrorp. Ta pan. 
Miami niv. Anderson, 
Pollard, Spenceley, Wolfe. 
SPRINGFIELD. 
Wittenberg Coll. Hahn, Krueger, Tripp. 
STEUBENVILLE. Burke, Emmert. 
SYLVANIA. 
Tirrin. Menke. 
To.epo. Ginther, Koley, Mercedes. 

Univ. of Toledo. Blackall, Brandeberry, 
Calhoon, Cutler, Dancer, Davis, Shoe- 
maker, Suprock. 

Glover. 
WixBerrorce. Curry, Woodson. 
Spinks. 

Coll. of Wooster. Fobes, Knight, Smyth, 
Williamson, Yanney. 

YELLOW SPRINGS. 

Antioch Coll. Astrachan, Hamilton, Luip- 

pold, Myatt. 
Younestown. Yozwiak. 


Miltenberger 


OKLAHOMA 
Apa. Canada, Heimann, Winn. 
Atva. Huneke. 
BARTLESVILLE. Rice. 
CLAREMORE. Nemecek. 
Durant. Dwight, Krattiger. 
Enrp. Smith. 
Goopwe.u. Murphy. 


NORMAN. 
Univ. of Oklahoma. Andree, Bernhart, 
Boyd, Brixey, Brown, Court, Deal, 


Dragoo, Gorsline, Grau, Gregory, Hass- 
ler, Huff, LaFon Lawson Levy, Lewis, 
McFarland, McKnelly, Palmer, Pipes, 
Reaves, Ross, Spears, Springer, Yeild- 


ing. 
OKLAHOMA City. 

Oklahoma City Univ. Diamond, Meador, 
Pirrong. 

Ponca City. Kaufman. 
SHAWNEE. Doerfler. 
STILLWATER. 

Oklahoma A & M Coll. Allen, Barnett, 
Burns, Caskey, Diamond, Flanders, 
Hamilton, Krentel, McDole, McKinsey, 
Morrison, Pedrick, Scholz, Smith, 
Starch Stavinoha, Zant. 

TULSA. Doll, Duncan ’ Eisen, Shreve. 
“i of "Tulsa. Carter, Roth, Veatch, 
tt. 
Warner. Harrison. 
WEATHERFORD. Linscheid. 
Holland. 


OREGON 
CorRVALLIS. 
Oregon State Coll. Beaty, Clark, Eves, 
oggatt, Hostetter, Kirkham, Li, Lon- 
seth, Milne, Nickel, Pearson, Poole, 
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Saunders, Smith, Stone, Williams, Wir- 
shup. 

Cutver. Bunch. 

EUGENE. 

Univ. of Oregon. Civin, Ghent, Moursund, 
Niven, Peterson, Shepherd, Sorenson, 
Wood, Young. 

Forrest Grove. Price. 

La GRANDE. Oesterle. 
Dolan. Ramsey. 
PorTLAND. Keeler, Merriss. 

Reed Coll. Buschman, Griffin, L. J. Rosen- 
baum, R. A. Rosenbaum, Williams. 

SALEM. 

Willamette Univ. Clemans, Laidlaw, Lu- 

ther. 


PENNSYLVANIA 


ALLENTOWN. Billig, Kunkel. 

Muhlenberg Coll. Deck, Holt, 
Nelson. 

Autoona. Herpel. 

ANNVILLE. Erickson. 

Beaver Fatts. Cleland, Justis. 
BETHLEHEM. Rader. 

Lehigh Univ. Ashbaugh, Beer, Chellevold, 
Cutler, Hailperin, Kenny, Latshaw, 
Mettler, Petrie, Pitcher, Raynor Rey- 
nolds, Seebald, Shook, Smail, Spohn, 
Stoll, Tikson, Van Arnam, Wilansky. 

Bryn Mawe. Atkinson. 
Bryn Mawr Coll. Burton, Lehr, Oxtoby, 
Wheeler. 

CARLISLE. 

Dickinson Coll., Ayres, Kuebler, Nelson. 
CHAMBERSBURG. Johnson, Loh. 
CueEsTER. Helms. 
COLLEGEVILLE. 

Ursinus Coll. Clawson, Dennis, Manning. 
Coraopo.tis. Zora. 
DeENnvER. Marburger. 
DvBots. Kocher. 
Easton. Sandwick. 

Lafayette Coll. Benner, Cawley, Hatch, 

eee J. C. Smith, W. M. Smith, Tartler. 


Koehler, 


‘oun Coll. Kraus, Myers, Russell. 
GreensBura. McNeil. 
Grove City. Carpenter. 
HAVERFORD. 

Haverford Coll. Allendoerfer, 

Thomsen, Wilson. 

Hazueton. Liechty, Zerbe. 
HersHey. Lanz. 
Stayer. 
IMMACULATA. Hafner. 
Inp1aNA. Stright. 
JENKINTOWN. Van Sant. 
Kutztown. 
LANCASTER. Haa 

Franklin & M Coll. Holainger, Mur- 

ray, Western. 

LatroseE. Heid, Seubert. 
LEBANON. Heilman. 
LEWISBURG. 

Bucknell Univ. Gold, Miller, Richardson. 


Oakley, 
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Lock Haven. Smith. 

Loretto. Mino. 

McKess Rocks. Arnold. 

MEADVILLE. Steen. 

Merion Sration. Evans. 

MILLERSVILLE. Boyer. 

MonrTOURSVILLE. Price. 

PHILADELPHIA. Carr, Cavalli, Connelly, 
Constable, Durand, Eggert, Eisenhart, 
Fudge, Hearn, Hilferty, Keralla, Koch, 
Latshaw, Levy, McDonough, Moliver, 
Neale, ey Conor, Russ, Slepin. 

Drexel Inst. of Tech. Chavhes, Davis, 
McNeary. 

Temple Univ. Hostinsky, Wilson, Wurster. 

Univ. of Pennsylvania. Aissen, Anderson, 
Caris, Fine, Gottschalk, Kamel, Kline, 
Lehner, Patterson, Safford, Schafer, 
Schoenberg, Wilson. 

PicturE Rocks. Price. 

PirrspurGH. Buker, Calkins, Frankel, Gray, 
Hallett, Harmon, Leifer, Michael, Mul- 
lan, Sommers, Taylor. 

Carnegie Inst. of Tech. Dines, Hoover, 
Johnson, Lahti, Lemke, Moskovitz, 
Neelley, Nodvik, Olds, Peach, Rosen- 
bach, Sacks, Saibel, Tyler, Whitman. 

Duquesne Univ. Dunkelberger, Goodman, 
Hardy, Hnath, Ostrofsky, Smith. 

Univ. of Pittsburgh. Blumberg, Bryson, 
Christiano, Gettig, Hovey, Knipp, 
Laush, Montroll, Mount, Sebesta, Tay- 
lor, Wells. 

PLEASANTVILLE. Kerr. 

Cogan, Townsend. 

READING. Speicher. 

RipGeway. Bauser. 

Scranton. Bartley, 
Rounds. 

SHaron. Greene. 

Surppery Rock. Lady. 

Sprinc Grove. Martin. 

State Hutchison. 

Pennsylvania State Coll. Black, Cohen, 
Curry, Dunlap, Erskine, Frink, ” Gordon, 
Gravatt Hagen, Harrington, "Johnson, 
Krall, Ormsby, F. Owens, H. B. 
Owens, Rupp, Story. 

SWARTHMORE. Haseltine, Sevier. 

Swarthmore Coll. Brinkmann, Dresden, 
Mariott, Wasow. 

WASHINGTON. 

Washington & Jefferson Coll. Bert, 
Shaub, Thomas 

WayYNEsBurG. Moston. 

Richards. 


Bertrand, Bohan, 


Puerto Rico 


MayaGueEz. Garcia. 
Ponce. Rathbun. 
San Juan. Piza. 


RHODE ISLAND 


KINGSTON. 
Rhode Island State Coll. Bender, Haggerty, 
Stauffer. 


Newport. Cavanaugh, Chase. 

Portsmoutu. Taliaferro. 

Brown Univ. Ablow, Adams, Albert, Archi- 
bald, Bennett, Carlen, Gilman, Heins, 
Kennedy, Levy, Manning, Smiley. 


SoutH CAROLINA 
CHARLESTON. 

The Citadel. Conner, Dye, Folsom, Hair, 

Hutchison, Reves, Sutton, Zader. 
CLEMSON. 

Clemson Agric. Coll. Brewster, Brown, 
Bryan, Hind, Kirkwood, Lagrone, Park, 
Sheldon, Stanley, Sullivan. 

Coleman. 

Univ. of South Carolina. Buffkin, Croxton, 
Dinkines, E. - Douglas, N. C. Doug- 
las, Durst, E. A. Hedberg, M. Z. Hed- 
berg, Jackson, Jones, Lee, Lytle, Mar- 
tin, Novak, Perkins, Rabon, Rasor, 
Robinson, Shuler, B. R. Weber, W. W. 
Weber, Williams. 

GREENVILLE. Blackwell, Mays, Pitts. 
HARTSVILLE. Reaves, Saunders. 
NeEwsury. Gaver. 

Rock Pepper. 

SPARTANBURG. Patten. 


Sourn Dakota 
BROOKINGS. 
South Dakota State Coll. Engebretson, 
MacDougal, Walder, Wente. 
Huron. Gantvoort. 
MITCHELL. Knox. 
Rapip Ciry. 
South Dakota School of Mines and Tech. 
Harbison, Swanson, Wilson. 
Sroux Lyche. 
VERMILLION. Alkire, Ekman. 
WaTERTOWN. Witwam. 
Wotsey. Meyer. 
YANKTON. Howell. 


TENNESSEE 
Aucoa. Harris. 
CHATTANOOGA. Massey. 
CLARKSVILLE. Bright. 
CooxKEVILLE. Hutchinson, Moorman. 
Fountain City. Keller. 
GREENEVILLE. Johnston. 
HarroGate. Bowling. 
JEFFERSON City. Sloan. 
JoHunson City. Carson. 
KNOXVILLE. 

Univ. of Tennessee. Blackstock, Bradley, 
Brown, Cooley, Eagle, Eaves, Givens, 
Hudson, Lee, Marr, Miller, Ritchie, 
Snyder, Wilson. 

Martin. Taylor. 

MARYVILLE. Sisk. 

Mempuis. Coker, Kaltenborn, McBride, 
Thomas. 

NASHVILLE. Boswell, Byrd, Clement, Dark, 
Gasaway, Van Horn, Wren. 
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Vanderbilt Univ. Blair, Boyce, Bryant, 
Clark, Graham, Hyden, Lundberg, 
Martin, N. P. Miser, W. L. Miser, 
Ratner, Shanks, Stiles, Thurman, Voor- 
hees, Wesson. 

Oax Ripae. Chelius, Coveyou, Householder, 
Pollard, Rowe. 
SEWANEE. 

Univ. of the South. Dickerson, Hooke, 

Shotwell. 


TEXAS 


ABILENE. Burnam, Mullings, Tate. 

AMARILLO, Davis, McCuan. 

ARLINGTON. Howard. 

AUSTIN. 

Univ. of Texas. Batchelder, Bright, Craig, 
Decherd, Donaldson, Ettlinger, Green- 
wood, Hurt, Lubben, Osborn, Vandiver, 
Wall. 

BROWNSVILLE. de la Garza. 

BrowNnwoop. Johnson. 

Canyon. Murray. 

CoLLEGE STATION. 

A. &. M. Coll. of Texas. Basye, Beeman, 
Daum, Gandy, Klipple, Luther, McCul- 
ley, Moore, Tittle, Wapple. 

ComMMERCE. Wright. 

DAINGERFIELD. Kennedy. 

Dauuas. Aronofsky, Harris, Jonah, Mason, 
McNabb, Mouzon, Sorrells, Starr, Stul- 
ken, Thomas, Wood. 

DENTON. 

North Texas State Coll. Barksdale, Brown, 
Cooke, Ellis, Hanson, Parrish. 

Texas State Coll. for Women. Ashburn, 
Miller, Willey. 

Eu Paso. Smith. 

Fort WorrTH. 

Texas Christian Univ. Bramblett, Colquitt, 
Morgan, Neely, Ramsey, Sherer, Shore. 

GroRGETOWN. Whitmore, Wilcox. 

Hiuusporo. Hardy. 

Houston. Blau, Hardin, Howe, Pennington, 
Rainbow, Slotnick. 

Univ. ef Houston. Gibney, Gray, Grover, 
Newhouse, Rader, Rogers. 

Rice Inst. Bray, Brunk, Calkin, Dean, 
Lovett, Taylor, Ulrich, White. 

HUNTSVILLE. 

Sam Houston State T. C. Lane, Querry, 
Vick, Wall, Wells. 

Kinesviuue. Dorroh. 

LUBBOCK. 

Texas Tech. Coll. Hazlewood, Heineman 
May, Michie, Parker, Rowland, Sparks, 
Underwood, Woodward. 

PLainview. McCoy. 

San Antonio. Dobbins, Jenke, Mary of 
Mercy, McNelly, Oesch, Schnepp. 
Trinity Univ. Cullwell, Newton, Rees. 

San Marcos. 

Southwest Texas S. T. C. Bernard, Cude, 
Porter. 


STEPHENVILLE. 
Tarleton State Coll. McSweeney, Redden, 
Worthington. 
TeaaueE. Notley. 
Tyrer. Williams. 
Waco. McLachlan. 
Wicuita Fauus. Adams. 


Logan. Nelson, Hunsaker, Everett. 
Satt Ciry. 


Univ. of Utah. Biesele, Hayes, Henriques, 
— Mayer, Pehrson, Thorne, Wy- 
ie. 

VERMONT 
BURLINGTON. 


Univ. of Vermont. Bullard. Butterfield, 
Larrivee, Millington, Swift. 
MIDDLEBURY. 
Middlebury Coll. Ballou, Bowker, Hazel- 
tine. 
NortTHFIELD. Dix. 
Swanton. Alliot. 
WinooskI. Albiser. 


VIRGINIA 


Aruineton. McLynn, Thompkins. 
ASHLAND. Blincoe, Simpson. 
BLACKSBURG. 

Virginia Poly. Inst. Hatcher, Horne, Mc- 

Fadden, O’Shaughnessy, Spencer. 
CHARLOTTESVILLE. 

Univ. of Virginia. Aylor, Bing, Botts, De- 
Francesco, Dresser, Floyd, Gould, John- 
son, Klee, Linfield, McShane, Oglesby, 
Rubenstein, Schlauch, Walker, Why- 
burn. 

DaAHLGREN. Bramble. 

Emory. Biggers. 

FARMVILLE. Sutherland, Taliaferro. 
FREDERICKSBURG. Burns, Frick. 
Hampton. Hobbs. 

HarRIsonBuRrG. Ikenberry. 
LANGLEY Moore, Pinkerton. 
Smith. 

Virginia Military Inst. Byrne, Knox, Pax- 
ton, Purdie, Steward. 

LyNcHBURG. Harris. 

Randolph-Macon Woman’s Coll. Hum- 

phreys, Larew, Wiggin. 
Keppler. 
Newport News. Raine. 
Norro.k. Norris, Snider. 
PetersBurRG. Hunter. 
Ricumonp. Drew. 

Univ. of Richmond. Gaines, Grable, Pettus, 

Sleight, Wheeler. 
Sauem. Carpenter, Suter. 
Sraunton. Taylor. 
Sweet Briar. Lee. 
WILLIAMSBURG. 
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BY-LAWS OF THE MATHEMATICAL ASSOCIATION OF AMERICA (INC.) 
(As amended to December 1, 1949) 
ARTICLE I—Namg, Purpose AND CoRPORATE SEAL 
1. This organization shall be known as 


THe MATHEMATICAL ASSOCIATION OF AMERICA (INCORPORATED) 


2. Its object shall be to assist in promoting the interests of mathematics in America, 
especially in the collegiate field, by holding meetings in any part of the United States or 
Canada for the presentation and discussion of mathematical papers, by the publication of 
mathematical papers, journals, books, monographs and reports, by conducting investigations 
for the purpose of improving the teaching of mathematics, by accumulating a mathematical 
library and by coéperating with other organizations whenever this may be desirable for 
attaining these or similar objects. 

3. The Corporate Seal of the Association shall have inscribed thereon the name of the 
Association and the words “Corporate Seal—Illinois.”’ 


ArTIcLE II—MeEmBERSHIP 

1. Any person who is interested in the field of collegiate mathematics shall be eligible for 
election to membership in the Association. 

2. Election to membership shall be by vote of the Board upon written application from 
the individual seeking admission, endorsed by two members of the Association. 

3. Those who were admitted to membership in The Mathematical Association of Amer- 
ica (unincorporated) prior to October 1, 1920, and were in good standing as such on that date, 
were thereby admitted to membership in this Association (Incorporated). 


ArticLe III—Boarp or GOVERNORS AND OFFICERS 

1. The Officers of the Association shall be a President, a First Vice-President, a Second 
Vice-President, an Editor-in-Chief of the Official Journal (hereinafter called the ‘‘Editor’’), a 
Secretary-Treasurer, and an Associate Secretary. 

2. There shall be a Board of Governors (hereinafter called the ‘‘Board’’), to consist of the 
Officers, the Ex-Presidents for terms of six years after the expiration of their respective presi- 
dential terms, and of additional elected members (hereinafter called ‘‘Governors’’). It shall be 
the function of the Board to supervise all scholarly and scientific activities of the Association, 
to administer and control these activities, and to authorize expenditures of funds of the Asso- 
ciation, except that at the demand of ten or more members of the Board, or at the demand of 
forty or more members of the Association, any proposal to alter or initiate a matter of policy 
shall be referred to the general membership of the ssociation for its decision. All members of 
a Board shall hold over until their respective successors are selected or appointed and qual- 
ify. 

3. There shall be an Executive Committee advisory to the Board, and consisting of the 
President, the two Vice-Presidents, the Editor and the Secretary-Treasurer. It shall be the 
function of this Committee to review continually the policies and activities of the Association, 
to plan and organize new activities, to formulate in broad outline the programs of meetings 
pos of publications, and in general to consider all matters of importance or of interest to the 
Association. This Committee shall prepare the agenda for meetings of the Board, and shall 
analyze the implications and aspects of all matters which are to come before the Board for de- 
cision. It shall present to the Board the viewpoints suggested by such analyses, as well as all 
such facts as may seem pertinent, or as may in any way facilitate the Board’s work. 

4. A statement regarding any proposed action of the Board which makes or alters a 
question of policy shall be published in the official journal, or notice of such proposed action 
shall be mailed to each member, before final action has been taken, so that members of the 
Association may make known to the Board their individual views. 

5. The Board shall have authority to fill vacancies ad interim in any office, including 
vacancies in the Board, and to make any other appointments necessary for the transaction of 
the business of the Association. 

6. At all meetings of the Board of Governors a quorum shall consist of not less than five 
(5) members and no business may be validly transacted at a meeting at which less than a 
quorum is present; provided that any meeting of the Board, whether or not a quorum be pres- 
ent, may be adjourned to a specified time and place by a majority of the members present 
without notice to the members at large other than announcement at such meeting. Informal 
action based on a mail ballot by the members of the Board, if ratified at a properly convened 
meeting of the Board, shall be as valid and effective as if originally authorized at such meeting. 

7. There shall be a Finance Committee responsible to the Board; at the direction of the 
Board it shall receive and administer the funds of the Association, control its properties and 
investments, make its contracts, and exercise such powers as may be delegated to it by the 
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Board. This committee shall consist of three members, of whom the Secretary-Treasurer shall 
be one. 

8. (a) The Officers and Governors of the Association shall be elected in part by the 
Board, in part by the general membership, and in part by the membership in the Sections of 
the Association or by the membership in constituencies authorized by the Board for territory 
where Sections do not exist. 

(b) The membership at large shall elect in alternate years respectively a President and 
a First Vice-President, each for a term of two years, and shall elect each year two Governors, 
for terms of three years. 

(c) The membership in each Section shall elect triennially a Governor for a term of three 
years. For these elections, at least two nominations shall be submitted to the members by a 
committee appointed for that purpose by the Chairman of the Section. 

(d) The Board shall elect at appropriate times by ballot and for the terms stated: a 
Second Vice-President for two years; an Editor, a Secretary-Treasurer, and an Associate 
Secretary, each for five years; and members of the Finance Committee (other than the 
Secretary-Treasurer) for four years. 

(e) The President shall be ineligible for reélection. The Vice-Presidents, the Editor, and 
the Governors shall be eligible for reélection only after an interim equal to their respective 
terms of office. 

(f) Elections by the Board shall be made from nomination by the Executive Committee. 
At least two nominations shall be made for each office to be filled in the case of the Second 
Vice-President and the members of the Finance Committee, and the Board may in any case 
reject all nominations made and call for a new list. 

(g) The names of members to be printed upon the ballots, together with blank spaces 
in the case of elections by the general membership, shall be determined by a Nominating 
Committee to be appointed annually for that purpose by the President with the approval of 
the Board. Approximately six months before the date of the annual meeting all members shall 
be given an opportunity to nominate by mail a candidate for each office to be filled by the 
members for the ensuing year. Approximately one month before the annual meeting the 
Nominating Committee shall select a nominee for President out of the three persons who re- 
ceived the most votes for this office in the nominations; the Nominating Committee shall 
furthermore select two candidates for each other office to be filled by the members, one being 
the person who received the highest vote in the nominations and the other being selected from 
among the several nominees next in order. The election shall be by mail or in person and shall 
close on the day of the annual meeting. 

9. The President shall be the Executive Officer of the Association, shall preside at all 
meetings of the Board of Governors and at the annual meeting of the Association. He shall 
have the usual duties pertaining to his office and such other duties as may from time to time 
be assigned him by the Board of Governors. 

10. The Vice-Presidents shall, in the absence of the President, have and exercise the 
powers of the President, their order being determined alphabetically. The Board of Governors 
may assign to the Vice-Presidents such duties as may from time to time be determined. 

11. The Secretary-Treasurer shall have the usual duties pertaining to the office of 
Secretary and of Treasurer, including the custody of the records of the Association and of its 
Corporate Seal, the keeping of minutes of the meetings of the Board of Governors and of the 
annual meeting and special meetings of members, and giving of due notice of all regular and 
special meetings of the Association and of the Board of Governors, and the supervision and 
safekeeping of the funds of the Association. The Secretary-Treasurer shall also have the duty 
of seeing that whenever Governors are elected, including the election of Governors to fill 
vacancies, a Certificate, under the Seal of the Association, giving the names of those elected 
and the term of their office, shall be recorded in the Office of the Recorder of Deeds for Cook 
County, Illinois. Such Certificates shall be signed by the Secretary-Treasurer and verified by 
oath of the President. 


ARTICLE IV—MEETINGS 


1. A meeting of the Association shall be held annually, at such time and place as the 
Board may direct. Special meetings of the Association may be called from time to time by 
the Board, or while the Board is not in session by the President of the Association, to be held 
at such time and place as may appear from the call. 

2. The Board shall hold a meeting each year immediately preceding the annual meeting 
of the Association. Further meetings of the Board may be held from time to time at the call 
of the President or of any three (3) members of the Board. 

Notice of any meeting of members of the Association shall be given by the Secretary- 
Treasurer at least thirty (30) days prior to the date set for each meeting. Notice of all meet- 
ings of the Board other than the regular meetings provided in Section 2 shall be given to 
each member of the Board at least fifteen (15) days prior to the date set therefor. 
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4. Any member of the Association or of the Board may waive notice with the same effect 
as if due notice had been given him. 
5. At all meetings of the Association a quorum shall consist of not less than twenty-five 
(25) members and no business may be validly transacted at a meeting at which less than a 
quorum is present; provided that any meeting of the Association, whether or not a quorum 
be present, may be adjourned to a specified time and place by a majority of the members 
present without notice to the members at large other than the announcement at such meeting. 
_ .6. Members may take part and vote in person or by proxy at all meetings of the Asso- 
ciation. 
ARTICLE V—SEcTIONS 


1. Any group of not less than ten (10) members of this Association may petition the 
Board for authority to —— a Section of the Association for the purpose of holding local 
meetings. The Board shall have power to specify the conditions under which such authority 
shall be granted. 

2. The Association shall not be obligated to pay from its treasury any of the expenses 
of such Sections except as the Board may provide. 


ArticLE VI—OrricitaL PUBLICATIONS 

1. The Association shall publish an official journal, which shall be sent free to all mem- 
bers of the Association in accordance with Article VII. 

2. The Board shall have full control of the publication and sale of the official journal 
and of all other official publications. 

3. There shall be appointed by the Board a body of Associate Editors who shall give 
assistance in connection with the official journal. 

4. The Board shall from time to time, as the need arises, make special provision for the 
management of any other official publications. 

5. The Board shall fix the price of the official journal and of any other official publica- 
tions of the Association, but in no case shall the journal be sold to non-members for less than 
the annual dues of individual members. 


ArticLE VII—DvusEs 
Rs Members of the Association shall pay an initiation fee of Two Dollars ($2) at the time 
of election. 
2. The annual dues of each member shall be Four Dollars ($4), including a subscription 


to the official journal. 

3. All dues shall be payable on the first of January of each year. Should the annual dues 
of any member remain unpaid beyond a reasonable time, his name shall be dropped from 
the list after due notice. 

4. New members entering the Association after April 1 of any year shall have their dues 
pro-rated for the balance of the year, except when they desire to receive the full current 
volume of the official journal. 

5. Any member who because of age is no longer in active service, who is in good standing 
at the time of his retirement and who has been a member of the Association for twenty years, 
may, upon notifying the Secretary of said retirement, be exempt from the payment of dues, 
with the privilege of obtaining the official journal at an annual cost of one dollar. 


ArticLE VIII—AMENDMENTS TO THE ARTICLES OF ASSOCIATION AND By-Laws 


1. Changes in the Articles of Association or amendments to the By-Laws may be made 
at any annual meeting of the Association, or at any adjourned session, thereof, or at any 
special meeting of the Association called for such purpose, by a two-thirds (3) vote of those 
pene and entitled to vote; gomeoes that due notice concerning such amendment shall 

ave been printed in the official journal, or mailed to each member, at least one (1) month 
before the date of such meeting. 

2. No changes in the Articles of Association shall have legal effect until a certificate 
thereof, verified by oath of the President and under Seal of the Association, attested by the 
Secretary-Treasurer, shall be filed in the office of the Secretary of State of the State of Illinos 
and recorded in the office of the Recorder of Deeds for Cook County, Illinois. 
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GENERAL MATHEMATICAL PAPERS 
ALGEBRA, NUMBER THEORY 


Bororsky, SAMUEL. Factorization of polyno- trices in the theory of equations, 154-161. 


mials, 317-320. 

Dickinson, Davip. On sums involving bino- 
mial coefficients, 82-86. 

FRANKEL, E. T. A calculus of figurate numbers 
and finite differences, 14-25. 

HovusEHOLDER, A. S. Some numerical methods 
for solving systems of linear equations, 

53-459. 


MacDurfEE, C. C. Some applications of ma- 


Mirsky, L. A theorem on sets of coprime inte- 
gers, 8-14. 

Rosser, J. B. Generalized ternary continued 
fractions, 528-535. 

SHannon, C. E. A symmetrical notation for 
numbers, 90-93. 

TrypaAnis, A. A. An extension of Fermat’s theo- 
rem, 87-89. 


ANALYSIS 


BECKENBACH, E. F. A class of mean value func- 
tions, 1-6. 

Cog, C. J. The generalized Leibniz formula, 
459-466 


Hamitton, H. J. A 
ton’s method, Si 

Hirscuma\, I. I. and WIppeER, D. V. A minia- 
ture theory in illustration of the convolu- 
tion transform, 667-674. 


tee of variation on New- 


C. D. The best approxima- 
tion of functions, 617-6 

SCHATTEN, ROBERT. Closing-up? of sequence 
spaces, 603-616. 

SCHOENBERG, I. J. The finite Fourier series and 
elementary geometry, 390-404. 

TORNHEIM, LEONARD, A double series summed 
geometrically, 535-538. 

WIpper, D. V. See Hirscuman, I. I. 


APPLIED MATHEMATICS 


Branp, Louts. The vector potential of a sole- 
noidal vector, 161-167. 
Carver, W. B. The problem of eight points, 


307-316. 
RosBertson, H. P. The geometries of the ther- 
mal and gravitational fields, 232-245. 


EDUCATION, HISTORY, PHILOSOPHY 


ARCHIBALD, R. C. The first translation of Eu- 
clid’s elements into English and its source, 
443-452. 

— The pupil’s advocate, 369- 


BourBAKI, NIcHOLAS. Thearchitecture of math- 
ematics, 221-232. 

Boyer, C. B. James Hume and exponents, 7-8. 
ne Cardan and the Pascal triangle, 387- 


Bus, L. E. The William Lowell Putnam math- 
ematical competition, 467-470. 

Coo.ipcE, J. L. The number e, 591-602. 

Katee, H. T. Education vs. legislation, 523- 


Now an, F. S. Objectives in the teaching of col- 
lege mathematics, 73-82. 
The future of mathematics, 295- 


GEOMETRY 


R. On pairs of triangles, 150—- 
1 


LEVENBERG, KENNETH. A class of non-Desar- 


THEBAULT, Victor. A 


guesian plane geometries, 381-387. 
curve associated with a 
tetrahedron; 663-667. 


MATHEMATICAL NOTES 


Edited by E. F. BECKENBACH, University of California 
and Institute for Numerical Analysis 


AIGNER, ALEXANDER. A generalization of Gauss’ 
lemma, 408-410. 


ALBERTI, ae Maxima and minima of areas, 


173-176 
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BARNETT, JOSEPH. Euclidean n-space analogue 
of a theorem of Galileo, 677 

BaTEMAN, P. T. A remark on infinite groups, 
623-624 


Bororsky, SAMUEL. Solvability of quartics by 
means of square roots, 248-250. 

BRAUER, ALFRED. A criterion for a common root 
of k algebraic equations, 322-324. 

Cau, ie S. Angles with rational tangents, 407- 
4 


on, *- M. Envelopes of plane curves, 168- 
1 


Court, N. A. A special tetrahedron, 176-177. 

DroussENT, LUCIEN. On the orthocentroidal 
circle, 169-171. 

Erpés, P. On almost primes, 404-407. 

Foster, A. L. Some elementary identities of or- 
dered abelian sets, 681-683. 

GAMMEL, J. L. A differentiation formula, 96-99. 

aa HansraJ. On a problem of Erdés, 326- 


GusTIN, Ww. garry behavior of mean value 
functions, 541-544 

HALPERIN, ISRAEL. Discontinuous functions 
with the Darboux property, 539-540 

HoncE, P.G., Jk. On the method of character- 
istics, 621-623. 

KELLY, P. J. A property of Minkowskian cir- 
cles, 677-678. 

KLEE, V.L. yee Decomposition of an infinite- 
dimensional linear system into ubiquitous 
convex sets, 540-541 

LEHNER, JOSEPH. Note on the Laurent series, 
177-179. 


LENG, SEN-M1nG. Note on Cauchy’s limit the- 
orem, 28-31 

Lewis, F. A. On a determinant of Sylvester, 
324-326. 

MILLar, J. G. Hyperbolic function series arising 
from a simple potential problem, 100-104. 

NIVEN, IvaAN. Extension of a topological proof 
of the fundamental theorem of algebra, 
246-248. 

Pérya, G. On the harmonic mean of two num- 
bers, 26-28. 

Porter, H. S. A. On the latent roots of quasi- 
commutative matrices, 321-322. 

ScHnraD, H. On analytic maps of circles into 
convex regions, 473-474. 

SEUGLING, W. R. Equations of compatibility for 
finite deformation of a continuous medium, 
679-681 

SzEG6, il Conformal mapping of the inte- 
rior of an ellipse onto a circle, 474-479. 

TAayYLor, A. E. A note on an inequality for inte- 
grals, 93-96. 

THEBAULT, Victor. A note on orthopolar tri- 
angles, 171-173. 

THIELMAN, H. P. On a pair of functional equa- 
tions, 544-547. 

Utz, Note on Martin's Ergodic Function, 


Wana, Hao. A proof of independence, 99-100. 

WARSCHAWSKI, W. E. On the Green function of 
a star-shaped three dimensional region, 
471-473. 

Youne, F. H. A note on summation, 625. 


CLASSROOM NOTES 


Edited by C. B. ALLENDOERFER, Haverford College and Institute for 
Advanced Study 


ALBERT, R. G. A paradox relating to mathemat- 
ical induction, 31-32. 

BALLANTINE, J. P. ‘Synthetic technique for par- 
tial fractions, 480-481 


- Carr, where the n things include identi- 
ties, 626-629. 

BEAUMONT, R. A. Equivalent properties of a 
ring, 183. 

BuscuMaNn, W. O. Mathematics for business 
students, 552-556. 

oa . A. Mathematics “au naturel,” 684- 


686. 

DowninG, H. H. From spherical trigonometry 
to plane trigonometry, 251-254. 

EAGLE, E. L. The general sine and cosine curves, 
685-686. 

FICKEN, F. A. Finding the particular integral in 
a special case, 257-259. 

Gou#EEN, H. E. On space frames and plane trus- 
ses, 481-482. 

GonzALEZ, M. O. and MANCILL, J. the 
system of natural numbers, 104- 

— D. B. A note on least resis 629- 


LanGE, LutsE. More stress on general formula- 
tions in calculus problems, 181-183. 

LEE, H. L. A different approach to a known in- 
tegral, 413-415. 

MANCILL, J. D. See GONZALEZ, M. O. 

MILLER, F. H. Artificial mathematics, 329-330. 

Mor ey, R. K. The remainder in computing by 
series, 550-551. 

Nicuovas, C. P. and Yates, R. C. The proba- 
bility integral, 412-413. 

cma C. S. The binomial coefficients, 551- 
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